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SIR JOHN RENNIE, C.E., F.R.S. 





° 1N accomplished engineer, a scholar of taste and 
profound learning, and a gentleman of the finest 
social qualities, Sir John Rennie in his time was 
prominent among the engineers of the good old 
school who have nearly all passed away. The 
Stephensons, the Brunels, and the Rennies were 
men who were developed by peculiar conditions and circum- 
stances, and it will remain their greatest glory that, at a time 
when great services were required of them, they were more 
anxious to secure the faithful execution of their designs than 
to gain profit for themselves. 

The late Sir John Rennie and his brother, Mr. George Rennie, 
who died a few years ago, were well imbued with their father’s 
ideas, and carried out his plans in the most admirable manner. 

When John Rennie died in 1821, leaving many of his en- 
gineering tasks unfinished, it was fortunate that his sons 
were able to take up and complete their father’s work.- The 
elder Rennie was a man of great genius, and his substantial 
bridges, docks, and harbour improvements will better perpetuate 
his name than his monument in St. Paul’s. Whether unaided 
the sons would have attained great eminence in their profession, 
is a question we need not consider. It is sufficient to know that 
the combined achievements of these men brought them fame, 
and that England owes to them many of her finest works of 
engineering. - 

















The pursuits of these engineers were so varied that it would 
require much space to give a full account of them. Among the 
works of great public utility designed by John Rennie, and with 
which Sir John Rennie was more or less identified, may be 
mentioned the Plymouth Breakwater, the drainage of the Lin- 
colnshire fens, the improvements of Ramsgate Harbour, the 
Sheerness Docks, and Waterloo, Southwark, and London 
Bridges. These are but few of their works. There is scarcely a 
harbour in the-kingdom that has not received benefit from the 
supervision of the Rennies, and their bridges are to be found in 
every part of Scotland and England. 

Sir John Rennie was born in Stamford Street, Blackfriars 
Road, London, August 30th, 1794, where his father had taken 
up his residence on coming to the metropolis in 1785 to super- 
intend the erection of the Albion Mills. London was then a 
smdil city compared with its present enormous size. It was nota 
“province covered with houses,” although the largest city in 
Europe. Oxford Street was a lonely road, unsafe at night, and 
the resort of footpads who laid in wait for the “ bona-fide 
traveller” of those days, and Marylebone and Bermondsey were 
villages in the country. Mr. Rennie had built and fitted up with 
ingenious machinery the far-famed Albion Mills, for Messrs. 
Bolton and Watt of Birmingham, the wonder of London, and, as 
it proved, the envy of some people, for they were totally destroyed 
by an incendiary fire on the night of the 3rd of March, 1791. 
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He had obtained leave of the owners to erect his workshops on 
a portion of the site of these mills, and here he was located and 
engaged in all manner of engineering works. George Rennie, 
who distinguished himself especially as a mechanical engineer, 
was the eldest of his children, and was born in January, 1791. 
John, the second son, was early placed at the celebrated private 
school of Dr. Burney at Isleworth, and in later life Sir John was 
wont to allude in feeling terms to the kindness he met with, while a 
student, from the doctorand his family. About the age of sixteen 
he left school and began his practical studies with his father, who 
was then engaged in constructing Waterloo Bridge. It was in1810 
that George Rennie, who had been sent to Edinburgh Univer- 
sity, returned to London, and also began the study of engineering 
under his father’s eye. Both the sons soon proved themselves apt 
scholars. John was zealously engaged in the great works that 
the elder Rennie had in hand,and when Southwark Bridge was 
commenced he went to Scotland to manage the shipment of the 
Scotch granite to be used in its construction. After remaining 
under the tuition of his father until he was about twenty-four 
years of age he started out on an extensive tour, in compliance 
with his father’s wishes, through France, Spain, Italy, Greece, 
Turkey, and along the seaboard of Asia Minor ; and this was not 
merely a journey of pleasure, for he took note of everything which 
could advance him in his profession, and in his after career made 
available much of the knowledge he acquired while studying the 
wonderful engineering of the ancients. He ascended the Nile as 
far as the second cataract, which was then regarded a won- 
derful journey, and was preparing to start for the Holy Land 
when news of the serious illness of his father summoned him to 
return to England, and he only arrived in London just in time 
to see him die. It is not surprising that the elder Rennie failed 
to live to an advanced age if we consider the innumerable 
labours which he undertook. With business appointments at 
five o’clock in the morning and incessant work till late at night, 
the strongest constitution must sooner or later give way. The 
only wonder is that he succeeded so long in accomplishing such 
vast and varied works. At his death the immense business fell 
to his sons George and John. They hesitated and anxiously 
deliberated whether or not they should dispose of the business 
at Blackfriars and devote all their energies to civil engineering. 
It appears that one of the dominant trades-union societies which 
had dictated the rates of wages and many minor business details 
very much as it liked during the lifetime of the elder Rennie, 
met with determined opposition from the sons, and thus the 
anxiety of obtaining workmen at all was added to that of filling 
countless orders for machinery of all kinds. The young pro- 
prietors were nearly on the point of disposing of their mechani- 
cal business altogether, when skilled workmen were at last 
obtained and they concluded to continue their workshops. 

The civil engineering works of the firm devolved almost en- 
tirely upon Mr. John Rennie, and since his brother excelled in 
mechanics that part of the business was principally conducted 
by Mr. George Rennie. 

When the railway excitement began in England in 1822, the 
Messrs. Rennie were called upon to survey a line for a proposed 
railway between Liverpool and Manchester. Other able engi- 
neers competed with them, yet the line they had surveyed was 
finally adopted by Parliament. The act passed the House of 
Lords by a small majority of 28, and although the Rennies were 
not appointed the constructors of the line, the tunnel at Liver- 
pool, the viaduct over the Sankey valley, and nearly all the 
bridges on the line, were their work. 

By the division of the labours of the firm, Sir John Rennie 
(then Mr. Rennie) had to attend to the execution of an important 
class of harbour works, including the great breakwater at Ply- 
mouth, which was approaching completion, and demanded all the 
skill of the young engineer. 

Harbour improvements have occupied the attention of all 
commercial nations from the earliest period. The Phceni- 
cians, who were the great sailors of antiquity, were the inventors 
of artificial harbours. The Greeks, and especially the Romans, 
were acquainted with the best methods of constructing break- 
waters and laying walls under water. They also knew the value of 
open moles in harbours. Ina picture found at Pompeii an open 
mole is painted with seven arches, to allow the sea to pass under 
them without restraint, and thus prevent any accumulation of 
deposit. Some of their harbours even at this day indicate that 
modern ideas have not made any decided advance in this direc- 
tion, Genoa and Venice, in later times, rivalled each other on 
the sea, and it is only necessary to look at the artificial moles and 
other important works which they constructed to be assured that 
they exercised great skill in the improvement of their ports. 

The digue or breakwater at Cherbourg, in France, is one of 
the most important modern works of this kind, and was begun 
in 1769 by sinking large wooden cones filled with stones, so as 
to form a sea-wall. They were floated to the place by a row of 





casks, extending ina line around them. The cones, however, were 
soon broken by the force of the waves, and the stones scattered over 
the bottom. The ancient system of using loose rubble—large 
stones of irregular size, to find their own slope by the action of 
the waves—was next tried with better results. The work above 
the water is finished with beton and masonry. It is more than 
2$ miles in length, has been completed within a few years, 
and cost not less than seven millions sterling. 

Not much attention was paid in Great Britain to the improve- 
ment of harbours before Smeaton dove-tailed his wonderful 
lighthouse to the Eddystone rock. It is true there were the 
early docks of Liverpool, not built below low-water mark, and 
waiting for the skill of Jesse Hartley ; there were the harbours 
of Hartlepool, Scarborough, and Dover : but as commerceawoke 
in Great Britain, the importance of providing good and commo- 
dious harbours for shipping and protecting vessels from danger- 
ous reefs by lighthouses became more apparent. 

One of the principal works of John Rennie, completed by Sir 
John Rennie, is the breakwater in Plymouth Sound. Plymouth 
harbour is well situated in many respects, and has the natural 
advantage of excellent inner harbours, but before the building 
of the breakwater across the central channel the south-westerly 
gales often played havoc with ships lying at anchor in the 
Sound. Several plans for the extension of piers at the mouth of 
the harbour had been proposed before Mr. Rennie was requested 
by the Lords of the Admiralty to report on the best plan in his 
judgment for increasing the security of the port. Instead of 
these piers he gave it as his opinion that it would be preferable 
to construct a breakwater by depositing stones from 2 to 12 
tons in weight in a line across the middle channel, which was 
open then, but seldom used for navigation on account of its 
dangerous proximity to rocks. Taking a leaf from the experi- 
ence of the ancients, he rightly considered that this rubble would 
find a level and become consolidated by the action of the waves. 
The width of this ridge of rough stones rising from the bottom 
of the sea to the level of half-tide was to be over 200 ft. at the 
bottom and 30 ft. at the top. The total length of the breakwater 
was to be 5,100 ft. including the ends, which were each to be 
1,050ft. in length, inclined inwards at an angle of 160° to the 
central portion. 

This report was vehemently criticized. Some of the experts 
who interested themselves in the matter maintained that if the 
work was ever accomplished, which was open to Coubt, it would 
ruin the harbour, and fill it up eventually with deposits of silt. 
Others said it would be utterly useless. For five years the dis- 
cussion among naval men continued, until at last the Admiralty 
became gradually convinced of the practical nature of the 
scheme, and an order was issued on the 22nd of June, 1811, 
conferring authority to begin the works. Mr. Rennie was ap- 
pointed chief engineer, and Mr. Joseph Whidbey, who had ably 
assisted him in his plans, resident engineer. It seemed such a 
chimerical enterprise to contractors that at first it was difficult 
to induce any one to take a contract at a reasonable price ; but 
finally a quarry of limestone was opened in the vicinity, on 
land purchased from the Duke of Bedford, and on the 12th of 
August, 1812, the work was begun. The line of the intended 
breakwater was marked by buoys, and anchored to these the 
barges laden with the rubble were emptied into the sea. By the 
use of steam ttiigs many voyages were made in a day. The 
work went on as the weather permitted, and in the summer of 
the following year a ridge of several hundred yards in length 
began to show itself above the water, and even in that un- 
finished state it proved to be of practical use. The waters were 
more tranquil within its line, and vessels took refuge from storms 
behind it. After the battle of Waterloo the ship “ Bellerophon” 
brought Napoleon to England unexpectedly, and as the dis- 
tinguished captive entered Plymouth Harbour he expressed his 
unqualified admiration of the work. The emperor was a good 
hydraulic engineer, and was competent to give an opinion. He 
had spent vast sums at Cherbourg and Antwerp for docks, slips, 
and quays, and had a practical knowledge of the subject. 

In August of that year 615,000 tons of stone had been placed, 
and the length of the ridge above low water of spring tides had 
increased to 1,100 yards. The Admiralty then proposed that 
the work should be carried up to the height of 20 feet above 
the level of low water, so as to afford security not merely to 
large vessels, but to smaller ones. To protect the breakwater 
against the action of the waves between high and low-water 
mark a more substantial construction was necessary than the 
loose rubble employed for the deep-water foundation. It had 
been Mr. Rennie’s intention to make the sea-slope 5 to 1, but 
from motives of economy it had.actually been constructed with 
a slope of 3 to 1. In January, 1817, during a severe south- 
westerly gale, the high sea threw some of the heavy stones out 
of place enough to make the inclination about 5 to 1 for nearly 
200 yards, Mr. Rennie advised that the work should be finished 
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to conform to this, but as before it was made with an inclination 
of 3to1. In 1824, three years after Mr. Rennie’s death, nearly 
all the rubble required had been laid, and the weight of stone 
deposited amounted to 2,381,321 tons. In that very year another 
tremendous storm broke over the work, carrying heavy blocks 
from the sea slope to the land slope, and for about 800 yards 
changing the inclination as in the previous storm. It was then 
determined by the engineers consulted (Mr. Telford, Mr. George 
Rennie, Sir John Rennie, and Mr. Josias Jessop) to make the 
permanent pavement of the breakwater at. a slope which had 
been twice proved the most serviceable. 

This great work was not completed till 1848. It took more 
than 3; million tons of rubble stone, and more than 20,000 
cubic yards of masonry to build it, and its whole cost to the 
nation was a million and a half sterling. 

Sir John Rennie made hydraulic engineering a special study, 
and without going into the details of what he accomplished in 
draining the Lincolnshire fens—a work which was commenced 
by his father—it may be said that large tracts of land on the 
eastern coast of England were reclaimed and made extremely 
productive through his efforts. He had in hand also at one 
time a gigantic scheme of reclamation which would have rescued 
from the sea 80,000 or 100,000 acres, but it was never carried 
out completely. However, on the southern portion of this land 
the process of reclamation from the Wash is slowly proceeding, 
and the harbour of Lynn has been much improved by diverting 
the river Ouse into a new channel called the Eau Brink Cut, 
that carries the waters of the river direct to the sea. There can 
be no reason why works of this kind should not succeed if 
executed, as the Rennies proposed, on scientific principles. 
There are precedents in ancient and modern times for such 
reclamations. Herodotus tells us that the river Nile, in the 
reign of King Menes, who lived 2,300 years before Christ, once 
flowed by a sandy mountain in Lybia and that this king turned 
aside the river into a new channel through the middle of the 
valley, and built Memphis on some ground he had rescued from 
the river. Egypt then, except Thebes, “the city of an hundred 
gates,” was little better than an interminable marsh. The Dutch 
may be instanced as a people in modern times who have snatched 
their empire from the sea, and who are obliged to excel in hydrau- 
lic engineering to maintain their position. The Holland dykes 
are in many places 30 ft. high, and the great lake of Haarlem, 
12 miles in length and 9 miles in breadth, and remarkable 
for its sluice, may have been only a counterpart of the celebrated 
artificial Lake Moeris of the Egyptians, designed to prevent the 
Nile from continually overflowing thecountry. Historians say that 
this lake was 450 miles in circumference and 300 ft. deep. The 
Dutch have had their sad experience, for in the year 1421 the 
sea broke into the Diebosch, swept away seventy-two villages, 
with their inhabitants, and flooded a vast extent of fertile land. 
The dykes, sluices, and canals of Holland, and the works at 
Flushing, Haarlem, Amsterdam, Rotterdam, and other places 
prove that this terrible lesson was not lost upon their engineers, 
and Sir John Rennie’s great reputation, gained by a careful study 
of this difficult subject of land reclamation, and by extensive 
experience, served to introduce him to works of importance in 
that country. 

The completion of Ramsgate Harbour was a work of the 
Rennies. A good harbour in the vicinity of the Downs was deemed 
an urgent necessity even in the reign of Edward VI. and an 
abortive attempt was then made to form one by cutting a canal 
from Sandwich to Sandown Castle. Traces of this still remain. 
Queen Elizabeth appointed a Commission to investigate the sub- 
ject ; but not until 1748, in the reign of George II., was attention 
directed to Ramsgate as a convenient place to develop a harbour. 
In that year, during a severe storm, vessels were driven from the 
Downs, and took refuge in the small haven of Ramsgate. Soon 
after, in response to a petition signed by 131 merchants, a law 
was passed providing for the construction of the harbour so much 
needed, Plans were furnished in abundance, and after much 
controversy between the trustees of the harbour, and the govern- 
ment authorities, two piers were built—the east of wood, the west 
of stone—which running out into the sea, and bending towards 
each other, left a narrow opening for the ingress and egress of 
vessels, The difficulty now arose to prevent the accumulation 
of sand within the harbour, which threatened to destroy it alto- 
gether, and it is just one hundred years since Smeaton was first 
called upon to devise some method of preventing this disaster. 
He proposed to form “an artificial backwater by means of 
sluices.” His plan was to enclose a reservoir divided into two 
basins, each four acres in extent, and filled with sea water. The 
pent-up water was to be poured into the harbour through nine 
sluices ; four directed towards the harbour’s mouth, two towards 
the east pier, and three towards the west. A modification of 
Smeaton’s plan was adopted, and in 1779 two sluices were drawn. 
The hydraulic force was sufficient to carry pieces of the chalky 









































































































bed of the harbour, weighing three or four cwt., a distance of 
60 or 70 ft., and the current was felt 300 ft. beyond the 
entrance. The other sluices were in due time completed, and 
drawn with satisfactory results, but the sluicing was almost too 
successful, for it threatened to carry away the foundations of the 
piers, and loose stones were thrown down to protect the pier 
heads. These had to be removed by means of the diving bell, 
when the wooden east pier was extended and rebuilt with stone 
by Mr. Smeaton, who was permanently placed in charge of the 
work in 1788. The harbour was now much improved, and 
vessels drawing 14 ft. spring tides, availed themselves of its 
shelter. 

The elder Mr. Rennie’s connection with the works began in 
1807. Some improvements were made directly, but not until 
1811 did an emergency arise which required any great skill. It 
was discovered that the currents were undermining the east pier- 
head. The trustees could not afford the expense of a new one, 
and repairs were at once commenced by driving piles around it. 
But in spite of all their efforts, the storms of the following winter 
unsettled the foundations to such an extent, that a new pier-head 
became necessary.” The great strength of the tidal currents at 
that point, and the depth of the sea (17 ft. at low water) made the 
use of caissons and cofferdams extremely difficult. Besides they 
had been tried before in this very place and had failed. It 
occurred to Mr. Rennie that the diving-bell, used by Smeaton for 
raising stones, might be modified and adapted to the work of 
laying the deep-sea foundations of a new pier-head. He there- 
fore made a cast-iron diving-bell 6 ft. high, 6 ft. long, and 43 ft. 
wide, with eight solid eyes of glass at the top to let in the light. 
Strong chains were fastened to the inside of the roof for use in 
moving stones and materials. The bell was supplied with air 
by a double air-pump, and as it is commonly done now, the bell 
was let down with two men in it, who prepared the foundation, 
and lowered each piece of stone to its proper place, with the 
assistance of the men on the platform above their heads, 
according to the exact plan of the new pier drawn upon the 
platform. 

Other methods are now in vogue for laying deep-sea founda- 
tions, but it is a question whether, in many cases, they are any 
better than this. The diving bell had never been used before 
for setting masonry under water, and the trustees of the harbour 
were so much pleased with the success of the novel undertaking 
that they affixed a brass plate to the centre of the pier-head, 
on which was briefly stated how the work had been performed 
by Mr. Rennie, and what obligations they were under to him. 
They also gave him a handsome poe of plate. After that, 
Mr. Rennie made frequent use of the diving-bell in other har- 
bours, and many engineers have adopted the same system, where 
caissons and cofferdams are iasnpellont. 

Mr. Rennie continued to supervise the works at Ramsgate 
Harbour for fourteen years, until his death. Sir John Rennie 
succeeded him, and completed not only the works designed by 
his father, but many new ones of his own design, among which 
may be mentioned the new west pier-head, and the apron around 
the east pier-head to prevent the currents from wearing away 
the chalk foundation. 

Sir John completed this important harbour as fully as an arti- 
ficial harbour can be completed, and resigned his appointment 
in 1866, only when the trustees gave up their control over it to 
the Board of Trade. 

Sir John Rennie followed very carefully all the principles of 
harbour construction and management laid. down in detail in his 
father’s reports. When the Earl of Elgin proposed a harbour at 
Charleston, on the shore of the Frith of Forth, in 1807, Mr. Rennie 
reported as follows: “Every harbour should be so constructed as to 
have its mouth as much exposed as possible to the direction from 
which vessels can most conveniently enter in stormy weather, 
when they are least manageable ; but the heads should be made 
of such a form as to admit of the least sea entering it, or so as 
to occasion as little swell within the haven as possible. This 
cannot by any practical construction be entirely avoided, but 
means should be provided within the harbour so as to reduce the 
recoil of the waves to a minimum, for it is the undertow, or re- 
turning sea, after the breaking of a wave, that renders vessels 
most unmanageable, by making the helm lose its effect. At such 
a time the mariner is at a loss what to do, or how to manage his 
vessel; and for the want of due attention to these particulars, 
many of the most considerable artificial harbours in the kingdom 
are exceedingly difficult of access, and some of them are most 
unsafe even when entered.” Another report of the elder Mr. 
Rennie, which was made in 1817, on the harbour of Brest, gives 
an opinion of what constitutes a good harbour and naval station. 
He says : “ The magnitude and excellence of the roadstead, the 
safety of the harbour, its great depth at low water, its perfect 
stillness, being almost like a mill-pool, and possessing all the ad- 
vantages of a wet dock except as to the rising or lowering of the 
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vessels by the tide, without any of its inconvenience, render Brest, 
in my humble opinion, the most desirable naval station. in 
Europe, and far outweigh the disadvantages arising from the 
distance of the timber for building and fitting out ships of war ; 
and the ease with which vessels can enter the roadstead and 
harbour, or put to sea, is perhaps nowhere to be equalled.” 

Sir John wrote an important work on harbours, which he dedi- 
cated to her Majesty, and the Emperors of Russia and Austria 
recognized its merit, and on account of it, presented him with 
tokens of honour. 

A noble plan, by the elder Mr. Rennie, for a naval dockyard 
at Northfleet, was never carried out, because the government 
would not incur the immediate expense, preferring to repair the 
old dockyards ; but there can be no doubt that it would have 
been the wisest economy if England had built such a dockyard 
as he designed, years ago. It was, indeed, a model yard, where 
everything was arranged in the most orderly manner. Every- 
thing requisite for building and equipping a war vessel was at 
hand, and the ship launched at one side of the yard, came out 
at the other, a finished and furnished vessel ready for sea. The 
total estimate for this dockyard was four and a-half millions 
sterling. His description of what a well-arranged naval dockyard 
should be, is admirable. It is in part as follows : “ All materials 
used for building ships will be brought to the ship with a pro- 
digious saving of labour and time compared to what can be done 
in any of the present yards. When launched from the slip, the 
vessel will immediately go into the dry dock to be coppered, after 
which she will proceed to the mast quay to take in her masts, 
which will be placed in her by the assistance of the sheers, and 
in a state of perfect dryness. She will then proceed to the en- 
trance basin, and successively take in her ballast, stores, and 
rigging, sails, cables, and cordage, victuals and water, guns and 
shot, anchors, and finally, her crew and boats, and so proceed to 
sea.” Of course there would be some modifications necessary 
with the class of vessels which are now used in war, but the 
system he recommends is excellent. 

The land was bought for the dockyard, but motives of false 
economy prevented the execution of the design. He was re- 
quested to furnish plans for improving the old royal dockyards, 
which he proceeded todo. Conscious of the inferiority of the site 
of Sheerness docks, nevertheless he overcame all the difficulties of 
a sandy foundation, and as far as possible instituted the order 
and system which he had advocated for his proposed national 
dockyard at Northfleet. The works were continued by Sir John 
Rennie, and completed in 1826. 

Although Sir John Rennie never had any part in the construc- 
tion of the London and the East India Docks, which were the 
work of his father, he designed and executed the Whitehaven 
Docks for Lord Lonsdale, and some of those at Cardiff. 

The finest works of the Rennies are their bridges. No better 
examples of such architecture can be found than Waterloo, 
Southwark, and London Bridges over the Thames. It is said, 
that when Canova looked upon Waterloo Bridge he was filled 
with wonder that it should have been erected by a private com- 
pany while the frail Chinese bridge then in St. James’ Park was 
the work of the government. This bridge, entirely of grey granite, 
has nine arches each of 120 ft. span. The foundations of the 
piers were laid in cofferdams upon timber piles driven 20 ft. into 
the solid bed of the river, the arches are semi-elliptical, and the 
voussoirs are beautifully placed. There are inverted arches at 
the spandrils which give great strength. The voussoirs are 
4 ft. deep at the crown, and increase gradually to 1o ft. at the 
base of the arches. The roadway is nearly level, so that there 
is little curve to the entablature, which much increases the 
beauty of the bridge. At each pier there is a double row of 
columns extending quite through under the roadway and sup- 
porting it. The total width of the bridge is 45 ft. The carriage 
way is 28 ft. wide,and the foot pavement each side 7 ft. The bridge 
was opened by George IV., June 18, 1817, when he was Prince 
Regent, and the Iron Duke was one of the first to cross it. It 
was first called the Strand Bridge, but in honour of the Duke 
of Wellington received thereafter the name it bears. 

Mr. Rennie declined the honour of knighthood offered him on 
that occasion by the Prince Regent, and wrote to his friend, 
Mr. Whidbey, that he “had a hard business to escape knight- 
hood at the opening.” 

Southwark Bridge, another monument of the Rennies, is built 
of cast iron and stone ; its principal arch has a span of 240 ft. 
and is one of the largest in the world. There are only two piers; 
which are of solid stone masonry and were laid in cofferdams of 
great depth and strength. It has been said that more material 
was used in this bridge than was necessary, but Mr. Rennie’s 
motto was always to err on the side of too much rather than too 
little strength. 

London Bridge is the most massive of all the Rennie bridges, 
and was completed in 1831. Its foundation stone was laid 














June 1825 ; its total length is 1005 ft.; its total width is 56 ft. 
The carriage way is 35 ft. wide, and the foot pavements 9 ft. 
each. The old bridge, built in 1176, was crumbling to ruin; 
the houses that were built upon it, and obscured its road- 
way for years, had been long removed by the advice of Labelye, 
the Swiss architect of old Westminster Bridge, and traitors’ 
heads were no longer exhibited upon it. Mr. Smeaton, and 
other engineers after him, kept it up by careful and judicious 
repairs for sixty years longer. 

The general features of Mr. Rennie’s design for a new bridge, 
which were carried out after his death, were to make the arches 
five in number, the centre one 150 ft. span, the two side arches 
140 ft. span, the two land arches 130 ft. span, making a total 
water way of 690 ft. 

Sir John Rennie was chosen architect, and the pier foundations 
were laid by means of immense cofferdams, as those of Water- 
loo and Southwark bridges had been. The whole fabric cost 
two millions sterling, contains 120,000 tons of stone, and is an 
unrivalled specimen of massive masonry. It was opened on a 
sunny day in August, 1831, by that genial monarch, William 
IV., attended by his queen, ten royal dukes and princesses, 
and nearly all his ministers of state. They drove to Somerset 
House, where they embarked on gilded barges and proceeded 
down the river amid blare of trumpets and salvos of artillery. 
Their majesties scattered commemorative medals among the 
favoured spectators on either side as they crossed the bridge, 
and when they returned by water as they came, all the gilded 
barges of the city companies attended them to Somerset House. 
It was a grand and impressive sight. King William said that 
the spectacle was the grandest and most delightful in every 
respect that he ever had the pleasure to witness, and there is 
much significance in the portly statue of the king, which to-day 
looks toward the noble work he inaugurated. 

Turner thought the subject worthy of an historical painting, 
and in his painting Sir John Rennie, who was knighted on this 
occasion, stands next the king. Mr. George Rennie was 
offered the honour, but respectfully declined, as his father had 
done at the opening of Waterloo Bridge. 

It is a work grand in design and execution, and Lord 
Macaulay’s New Zealander, when at some distant day he shall 
perch himself on a broken arch of London Bridge, may forget 
for a moment his sketch of Sir Christopher Wren’s masterpiece, 
to pay some slight tribute to the genius of Rennie. The name 
of the great engineer may then have passed into oblivion, but his 
work will be wonderful even in ruins. 

The brothers Rennie continued in partnership till 1845, when 
Sir John retired from the firm. 

Mr. George Rennie was a mechanician of great ability, and 
at the works in Holland Street (still carried on by his sons) a 
variety of machinery was designed and constructed, including 
dredging machines, engines for the war vessels of England, France, 
Russia, and other countries, rolling and stamping machinery for 
the Mints of Calcutta, Bombay, Lisbon, Mexico, and Peru, and 
for the Royal Mint on Tower Hill. In 1818, Mr. George Rennie 
was appointed Superintendent of Machinery at the Royal Mint. 
The eighteen iron dock gates which were brought away as 
trophies from Sebastopol, and are now at Woolwich, were the 
work of Messrs. Rennie. The brothers were greatly instru- 
mental in introducing the screw propeller for steamships into 
the Royal Navy. They also executed important works at Cron- 
stadt and Odessa for the Russian Government. 

It was always the boast of the Rennies that they never exceeded 
an estimate. Everything they furnished was good, substantial, the 
best that could be had, and therefore could not be cheap. Some 
have been so short-sighted as to say that they carried their 
love of solidity and strength to excess. They thoyght always 
of the future in building their works, and not so much of their 
personal gain and emolument. If we-look at the immense 
traffic that now pours over London Bridge, we cannot fail to 
admire the foresight of the engineers who planned and built it 
substantially. 

No doubt the Rennies failed to secure the acceptance of 
many of their best designs because they would not descend to 
the utmost limit of cheapness. Sir John presented designs for 
Blackfriars New Bridge, in 1862, which were not accepted on 
account of the high estimate of cost. The construction of this 
bridge, one of the finest in London, went to Mr. J. Cubitt, C.E., 
and Mr. H. Carr, C.E. It was opened by her Majesty, 
November 6, 1869. Sir John’s designs included three for a stone 
structure, and two for an iron one. One of them was parti- 
cularly fine but expensive in execution. It resembled London 
Bridge, excepting that there were three arches instead of five. 
The central arch was 240 ft. span (precisely the size of Southwark 
iron arch), and if it had been built it would probably have been 
the largest stone arch in the world. A r 

The great engineers have generally been well skilled in the 
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manual work of their profession. If occasion called they could 
finish any piece of work with their own hands. Smeaton, the 
father of engineering in England, was very expert in the use of 
tools, and if he saw one of his workmen awkward he would fre- 
quently take the work out of his unskilful hands and finish it him- 
self. Napoleon once said, “there is nothing in war which I cannot 
do myself. I can make the gunpowder, I know how to fabricate 
the gun-carriages, I can make the cannon if necessary, and I 
can instruct my soldiers how to use them in battle.” 

It is related of John Rennie, that when once he was on his way 
to visit the Earl of Eglinton at Eglinton Castle, the iron axletree 
of the stage coach in which he was travelling broke at a very 
inconvenient distance from any house. The passengers were 
some honest farmers and certain persons from Paisley, who felt 
their own importance, but who had condescended till the time of 
the accident to hold conversation with Mr. Rennie and thus 
relieve the tedium of the journey. Mr. Rennie ascertained from 
the coachman that the nearest blacksmith lived a mile or two 
away. “Come, then,” said Mr. Rennie, “if you will help me 
to carry the broken parts we will have it mended.” When they 
reached the blacksmith’s he was gone for the day. Thereupon 
Mr. Rennie lighted the fire and welded the axle with the assist- 
ance of one of the passengers as well as the smith could have 
done it. They took it back, and soon the coach rumbled on its 
way. But the men from Paisley were silent. He had exposed 
his calling. He was evidently a blacksmith, and unworthy to 
associate with gentlemen of their standing. Arriving at their 
destination these fine people descended from the coach, while 
Mr. Rennie went on to Eglinton Castle. The next morning, at 
breakfast at the castle, the servant announced that there was a 
person in the hall who wanted to speak a moment to his lord- 
ship. “Show him in,” said the earl. It was one of the Paisley 
travellers of the preceding day, and wide he opened his eyes and 
mouth when he saw the “blacksmith” sitting at breakfast with 
the earl. 

Sir John Rennie introduced the system of railways in Sweden. 
He was received at court, and had the honour of dining with the 
Royal family at Stockholm, and on that occasion was made 
Knight Commander of the Wasa and Honorary Member of the 
Royal Society of Sweden. 

Later he made important surveys in Portugal of the harbour 
of Oporto, and in recognition of his services was made a Knight 


Commander of the Order of the Tower and Sword of Portugal. | 
He afterwards designed, and in great part executed, the har- | 


bour of Ponte Delgada at St. Michael’s in the Azores, a work 
important to England, on account of the great number of English 
ships resorting thither for oranges. This was one of his latest 
public works. He was chairman of the jury of the engineering 
section at the Exhibition of 1862, and was made at that time a 
member of the Austrian Society of Civil Engineers. 

An important paper of his, published in the “ Times,” on the 
difficulties of Italian irrigation, and how to overcome them, was 
considered so able by Signor Sella, then the Italian Prime 
Minister, that he induced King Victor Emmanuel to bestow on 
him the Commandership of the Order of St. Maurice and St. 
Lazarus, 

Sir John, in addition to the extensive travels of his youth, 








made journeys at different times, partly for business, partly for | 


pleasure, through Switzerland, Germany, Austria, Poland, 
Russia, Sweden, Portugal, Algeria, and the Azores. He also 
made a tour through Canada and the United States of America. 
He had moreover a very thorough knowledge of the topography 
and antiquities of the British Isles, gained by personal observa- 
tion and experience. 

He was a Fellow of the Royal Society, for some years one of 
its council, and always took an active interest in its proceedings. 
He was connected with many scientific societies. 


He was a | 


member of the Society of Arts and of the Royal Institute, a | 


fellow of the Geographical Society, and one of the earliest 
members of the Zoological Society, being associated with Sir 


Humphrey Davy, its founder. In 1845 he was elected President | 
of the Institute of Civil Engineers, and held for three years | 


that office, dispensing princely hospitality in that capacity, at 
his residence, then in Whitehall. His address before the Insti- 
tute on taking the office of President was very able ; it gave a 


complete history of engineering, and was a masterpiece of its 


kind. 


Sir John Rennie was possessed of a genial temperament, and 


was much beloved for his cheerful and sociable disposition. 
He married, in 1835, Miss Selina Harriet Colleton, the youngest 
daughter of Mr. Charles Garth Colleton, of Haines Hill, near 
Reading, and had three children, of whom two survive him. 


secluded from public notice. He had scholarly tastes, and unlike 
Many engineers, who have no time for such studies, was deeply 
read in science and literature. 


He was a sincere believer in Christianity, and never would 
allow that it conflicted with science; and he always declared 
that those who doubted revelation on scientific grounds knew 
nothing whatever of science. His death was accelerated by a 
rupture of the ligamentum patella, three years ago. Extreme 
old age was coming upon him, and at that time of life he could 
ill bear such a shock to the nervous system. He sank gradually 
till his death occurred, September 3, 1874, at the age of 80 
years. The life of Sir John Rennie was one of great activity 
and usefulness, and although he had lived beyond the time 
usually allotted to man, and on account of advancing age and 
infirmities had long withdrawn from the active duties of his 
profession, he continued to the last his interest in scientific and 
professional studies. On all subjects pertaining to irrigation, 
land drainage, the storage of water, and the management and 
improvement of rivers, he was one of the highest authorities. 
He carried with honour the weight of great responsibilities 
when a young man, and succeeded where many men would 
have failed. He was a distinguished member of that profession 
which has done so much to advance this country in its material 
progress during the past century, and as a man of sterling 
character and worth his loss will long be felt. 


Chemistry applied to the Arts, Metal- 
lurgy, Chemical Manufactures, 
and Allied Subjects. 


ABSTRACTS FROM FOREIGN PERIODICALS, TRANSACTIONS 
OF CHEMICAL SOCIETIES, &c. 


§ 1. Acids, Alkalies, and Salts. 


ULPHURIC ACID.—PIeERRE and PuCHOT 
state that when so-called dihydrated sulphuric 
| acid, SO, H,, H, O, is cooled down to 5°, the 
temperature rises to + 7°5, whilst the acid solidi- 
fies, the rise being due to the evolution of the 
latent heat of fluidity; the crystals uniformly melt 
at + 7°5, but the acid can often be cooled down to o° without 
solidifying, until a fragment of the body in a crystalline state 
is added. 

When mixed with pounded ice, a greater lowering of tempe- 
rature is produced with this hydrate, than with ordinary oil of 
vitriol. Thus a mixture of 


Crystallized dihydrated acid 3 parts 
Pounded ice ‘ ‘ S » 


causes the temperature to fall to —26°°25, whilst the temperature 
is only reduced to —19'5, if oil of vitriol be used. 

Acid stronger than the dihydrate solidifies at —7° or —8°, 
leaving a fluid portion richer in acid. Weaker acid, however, 
will not crystallize at all. Comptes Rendus, Ixxviit. 940. 








Hydrochloric Acid.—R. S. NEWALL and H. BOWMAN 
patent the use of jets of water spray for the condensation of 
muriatic acid. Low chambers are employed, so as to cause 
rapid condensation by bringing about a contact of the gas with 
as large an amount of water surface as possible. Chemical 
News, xxx. 158. 


Removing Arsenic from Hydrochloric Acid.— 
H. HAGER recommends to add about half a gramme of po- 
tassium or calcium hypophosphite to every 100 grammes of 
acid, and then to warm gently. The precipitated arsenic is 
removed by filtering the aoe through sand. A small quantity 
of potash chlorate is added to the filtrate, and after standing for 
a day, the small excess of free chlorine can be removed by placing 
strips of copper in the liquid. Chem, Centraiblait. 1874, 98. 


Manufacture of Carbonic Acid.—The Société Géné- 
rale de Métallurgie employ an improved process, by means of 
which a much purer carbonic acid gas can be obtained, with 
the minimum amount of dilution by carbonic oxide, azote, or 
oxygen, which latter especially is found to be very injurious to 


| the hot juices that have to be treated in the sugar processes. 
During the later’ years of his life, Sir John lived in quiet, and | 


The principle consists in first transforming in a gazogene a 
combustible into oxide of carbon and other gases, and then 
taking these gases through a reverberatory furnace, where, by 
means of hot air, the gases are burnt to carbonic acid at a high 


















































































































































326 


THE PRACTICAL MAGAZINE. 








temperature. The resulting current of gas is led through a 
chamber or pan containing carbonates, calcareous or otherwise, 
and from these it extracts a further amount of carbonic acid 
gas, which enriches and is added to the resulting products. 
Since the combustible is not in contact with the calcareous 
agent, the lime cannot contain any cinders, and is thus much 
more suitable for after-use. 

The apparatus is composed of a gazogene or generator of gas, 
which receives the combustible ; of a furnace, partly reverbe- 
ratory, for the combustion of the gas, and partly a pan for the 
reception of the carbonates, and also of a hot-air apparatus or 
heat regenerator. It results from the form of the apparatus 
that all the hot and burnt gases traverse the whole of the mass 
to be decomposed ; also that the pan has a very shallow depth, 
especially if compared with the lime kilns recently constructed, 
and that consequently it is much easier to inspect. It has 
further a complete security against the choking up so common 
in the ordinary kilns, especially when the calcareous matter falls 
in the condition of dust. In the new furnace, the combustible 
is not mixed with the lime or chalk, and there is thus no ten- 
dency to form those fusible silicates, which so easily form con- 
glomerations in ordinary furnaces. 

The charging is effected by means of boxes always filled with 
carbonates, and closed by a cover, so that when the inner flap 
is opened to receive a charge, no appreciable quantity of air is 
admitted with it. The combustible gases produced by the 
gazogene are. burnt in a most thorough manner by means of 
divided burners, so that the combining gases are mixed in very 
thin sheets in the most perfect manner possible. This ensures 
the perfect combustion of the carbonic oxide into carbonic acid, 
without any appreciable excess of oxygen being admitted. The 
gases, at their exit from the furnace, are cooled by traversing a 
heat regenerator in the form of cast-iron pipes of serpentine 
in which the cold air going to produce the combustion of thé 
carbonic oxide, enters at the bottom, and is thus first heated 
by the waste heat of the escaping carbonic acid. 

This arrangement makes the process a very economical oné 
in the amount of fuel required, as no heat is wasted. The pre- 
vious transformation of fuel into gas by a gazogene enables 
compiete combustion to be effected with a minimum excess 
quantity of oxygen. In combustion by the ordinary furnace and 
grate, the quantity of air used must be at least twice the theore- 
tical quantity required, and as already pointed out this is exces- 
sively injurious in the sugar processes. Jvon, No. 89, pa. 388. 


Preparation of pure Oxalic Acid.—HABEDANK dis- 
solves the commercial article in a small quantity of hot absolute 
alcohol, which leaves behind the oxalates of lime and potash ; 
the alcoholic solution gives on evaporation crystals of oxalic 
acid, which are recrystallized from water. Diénglers Polyt. 
Fournal, ccvit. 414. 


Preparation of Anhydrous Nitric Acid (Nitric 
Anhydride).—M. BERTHELOT finds that the best method of 
operating is to add to strong nitric acid cooled in a freezing 
mixture, small quantities of phosphoric anhydride, so that the 
temperature never rises above o° C. When rather more phos- 
phoric anhydride has been added than the nitric acid used, the 
pasty mass is very slowly distilled, the product being collected 
in bottles surrounded by ice. Upwards of 50 per cent. of the 
nitric acid used is obtained as anhydride; the product is not 
explosive, but it quickly decomposes, especially in sunlight.— 
F. Pharm. [4] xix. 182. 


Preparation of Pure Chlorine Gas.—F. STOLBA 
effects the purification of chlorine by washing it, as it leaves the 
generating flask, with a somewhat concentrated solution of 
copper sulphate, and subsequently with water. The copper 
salt solution has a strong tendency to retain hydrochloric acid, 
whilst it allows free passage to chlorine. The gas to be purified 
must be conducted as slowly as possible through the copper 
sulphate solution, in which numerous pieces of pumice stone 
float, thus affording a large surface.—Chem. Centralbl. 1874, 116. 


Manufacture of Sulphates of Soda and Potash.— 
W. HUNT patents the following improvements in the manu- 
facture of sulphate of soda and sulphate of potash, and in 
apparatus used in the said manufacture.—These relate to the 
manufacture of these sulphates by the action on chloride of 
sodium and chloride of potassium of a mixture of sulphurous 
acid gas, steam and atmospheric air. The gaseous mixture is 
passed through the chambers containing the chloride downwards 
in the first chamber, upwards in the second chamber, downwards 
in the third chamber, and so on, and after a time the current is 
reversed, ascending in the chambers in which it had previously 
descended, and descending in the chambers in which it had 
previously ascended. The apparatus consists of a series of 































































































chambers arranged in a circle with a conical tower in the 
centre. The heat given out by the decomposition of the 
chlorides in the chambers is sufficient to produce the required 
draught through the apparatus without the use of a steam jet. 
From the top of the conical tower, the gaseous current passes 
through the condenser. 


Manufacture of Barium and Strontium Com- 
pounds.—LELONG-BURNET takes natural heavy spar reduced 
to fine powder, and mixes it with charcoal or powdered coal and 
iron filings in the following proportions :— 


Spar . , ° . - 100 parts 
Powdered charcoal or coal 17 ,, 
Fine sifted iron filings . 35 ,, 


The mixture is then heated, and the resulting sulphide of barium 
desulphurized by means of oxide of copper, zinc, lead, iron, or 
manganese ; by dissolving in an acid the resulting metallic 
suphides sulphuretted hydrogen is given off and can be utilized, 
and the oxide can be regenerated from the resulting salt. 

The following mixture may also be used for calcination :— 


Carbonate of baryta - 100 parts 
Charcoal dust . ‘ 97 3 BE 


To obtain anhydrous baryta, the sulphide is transformed into 
nitrate by first forming the chloride and then treating this with 
nitrate of soda, whereby chloride of sodium and barium nitrate 
are produced ; this nitrate is then calcined in elliptical retorts, 
whereby nitrous fumes are evolved which can be partially con- 
densed or otherwise utilized ; oxygen is also generated. 

The process adopted for strontium compounds is precisely 
similar. Bull. Soc. Chem. Paris, xxit. 234. 


Manufacture of Baryta and Strontia and their 
Hydrates.—E. T. HUGHEs patents the following process :— 
To procure the carbonates of baryta and -strontia, alkaline 
earthy chlorides are dissolved in water to 12 or 15 deg. Beaumé, 
and the solution mixed with hydrate of magnesia in a vessel 
which is afterwards closed. The mixture is kept in continual 
agitation and subjected to the action of a current of carbonic 
acid which being absorbed by the magnesia forms a carbonate 
of this base, and by the employment of an excess of carbonic 
acid the decomposition is rapidly effected and the alkaline 
earths produced free from carbonate of magnesia. In practice 
the treatment of the alkaline earthy chlorides by magnesia and 
carbonic acid is effected in two operations—in the first, the 
magnesia is in excess, which gives when the reaction is termi- 
nated a liquor containing exclusively chloride of magnesium 
which is decanted giving a precipitate consisting of a carbonate of 
the alkaline earth, and the magnesia employed in excess in a 
carbonated state ; this excess is neutralised in-the second opera- 
tion by an additional quantity of the alkaline earthy chloride. 
The liquor containing the chloride of magnesium is concentrated 
by evaporation, and the hydrated chloride of magnesium sub- 
mitted to the action of steam superheated to about 300 deg. 
Cent. without pressure so that it becomes completely decom- 
posed, and is in the condition to be rapidly hydrated and car- 
bonated. To manufacture caustic baryta and strontia from 
their carbonates, the carbonate is mixed with carbon or chalk 
and the mixture heated in a regenerating furnace. 


Preparation of Hydrate of Magnesia. — W. E. 
NEWTON patents the preparation of soluble magnesia salts by any 
caustic alkali, thereby preparing a “ super-hydrate” of magnesia, 
and this is then mixed with water and termed “ milk of mag- 
nesia,” and sold as a medicine. Chem. News, xxx. 147. | 

[It has been stated that the examination of patent specifica- 
tions before granting provisional or complete specifications, is 
conducted in such a fashion that if any one chose to apply for a 
patent for concocting an improved beverage by the admixture of 
alcohol flavoured with various substances, sugar and water, with 
or without lemon juice or other condiments, he would find no 
difficulty in obtaining the desired sealed parchment in return for 
the appropriate fees (though probably he would find much diffi- 
culty in recovering royalties from any one who desired to brew 
for himself a glass of punch or toddy). The fact that numerous 
patents as novel as the above are frequently taken out would 
certainly seem to give an air of probability to such a statement. 
The question, however, arises, what is the object of the payment 
of a sum of money (often considerable to a ‘not over-rich in- 
ventor,) in making the purchase of a patent right? Is it not 
something very like a fraud on the part of a government or other 
body of officials to pretend to sell a right which they have no 
power whatever to sell, and which in many cases they have pre- 
viously sold to another purchaser ?] 
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Phosphate of Lime from Mons.—NIivoir gives the 
following analysis of nodules of phosphate of lime occurring in 
the upper part of the chalk at Ciply, Belgium :— 

Water ° 

Organic matter. > . ; ‘ : ‘ 25°55 
Carbonic acid 





Sand and clay . “eed” : : 1°30 
Phosphoric acid ; : : ; : 20°35 
Sulphuric acid o'l2 
Chlorine . o'2 
Fluorine . o'18 
Lime : : : 51°60 
Oxide ofiron . : . 0°90 
100°13 


Chem. News, from Comptes Rendus, No. tv. 1874. 


Soluble Phosphates.—A. MILLOT states that his experi- 
ments demonstrate that the production of dicalcic phosphate on 
keeping is due to the reaction of the free phosphoric acid on the 
unattacked tricalcic phosphate, and not to the action of calcium 
carbonate on phosphoric acid, nor to the spontaneous splitting 
up of the superphosphate. On the other hand, iron alumina and 
manganese oxide often cause the “going back” of the soluble 
phosphate by acting on it and producing insoluble compqunds, 
Comptes Rendus, lxrxvitt. 1134. 


Preparation of Thallium Compounds.—Flue-dust 
from the vitriol works is sifted and the powder boiled with dilute 
sulphuric acid ; the resulting pasty mass is filtered, the residue 
being well washed with hot water and the washings used for a 
fresh portion. On boiling down the first filtrate to the crystal- 
lizing point, thallium-aluminium-iron alum separates in fine red 
crystals ; these are recrystallized from dilute sulphuric acid, and 
then either converted into thallium chloride by means of hydro- 
chloric acid, or reduced to metallic thallium by means of zinc 
and sulphuric acid. The mother-liquors of the alum may be pre- 
cipitated by means of hydrochloric acid, and the thallium chloride 
thus obtained converted into sulphate and then into thallium- 
aluminium-alum, which is purified by recrystallization and treated 
as before. Thallium alum is much more soluble in hot water 
than in cold and is hence readily crystallized. Chem. Central. 
1874, 118. 


§ 2. Metallurgy. 


Peculiar Iron produced by Heaton’s Process.— 
J. A. CABELL gives the following analysis of a specimen of iron 
from the sides of the reheating furnace used in preparing for the 
tilt hammer the steel obtained by Heaton’s process, viz., the 
action of nitrate of soda on fused cast iron :— 





Specific gravity . 7°86 
Carbon I'I21 
Silica 0°024 
Sulphur 0°037 
Phosphorus ; 0°436 
Iron (by difference) 98°382 

100°000 


This substance was white and lustrous as silver, and presented 
a remarkable crystalline appearance, the mass being made up of 
granules of from an eighth to a quarter of an inch diameter, on 
which the faces of forms belonging to the cubic system were 
everywhere visible’; these faces, however, being all, more or less, 
curved and contorted. The crystalline character, in fact, was 
only apparent and not real, as in the analogous cases of starch, 
basalt, &c. Each separate granule was malleable and could be 
flattened out easily on the anvil; but the mass could not be 
hammered much without crumbling apart ; heating red hot and 
suddenly quenching in cold water did not harden it, notwith- 
standing the amount of carbon present ; and it could readily be 
filed and sawed. The high specific gravity and the large amount 
of phosphorus and carbon for a malleable iron, together with 
the curious pseudo-crystalline structure, are remarkable Chem. 
News, xxx. 142. 


Manufacture of Iron direct from the Ore.— 
C. M. Dupuy has suggested that rich ores, mingled with the 
proper proportion of carbon for reduction, should be placed in 
thin sheet-iron cases, of size most convenient to handle, and 
that many of these, to the extent of several tons, placed in a 
simple cheap furnace, of his device, in a few hours would be- 


come caked and solidified to wrought-iron without further labour, | 


while the encasement would be preserved to the end, the whole 
to be hammered into a bloom or bar at the same heat. 























































































The sheet-iron canister or crucible will cost from 5 dols. to 
6 dols. to the ton of iron produced. It is a convenient, portable 
package, keeping the particles of ore in close contact with the 
exact proportion of carbon required for reduction ; it allows the 
heat to penetrate readily on all sides; it is homogeneous with 
the new metal, and welds up with it under the hammer. Above 
all, as it shields and protects the ore from the blast and furnace 
gases during the whole operation of deoxidation and consolida- 
tion, the metal is of superior quality, and is nearly all saved. 
A series of experiments, extending over many years, confirms 
the belief that this process solves the problem of the manufac- 
ture of wrought-iron direct from the natural oxides, on any scale 
of magnitude, and at a cost which will effect a great saving over 
the indirect method. Jron, No. 89, 394. 


“Galvanizing of Iron.—The iron is placed (for from six 
to twenty-four hours) in water containing 1 per cent. of sulphuric 
acid, afterwards scoured with sand and rags, rinsed with clean 
water, and then kept in water containing some quicklime until 
required for further operations. 

The galvanizing bath consists of chloride of zinc and a small 
quantity of sal-ammoniac ; the chloride is prepared by adding zinc 
to hydrochloric acid as long as it is dissolved. As soon as the 
iron to be galvanized is placed in the bath, bubbles are seen to 
rise ; after about two minutes the articles are coated with zinc ; 
they are then taken out, placed on a board to drain, gently dried 
on a hot metal sheet, and finally dipped into molten zinc, the 
surface of which is free from scum. Déngler’s Polyt. Fourn. 
ccVit. 340. 


Determination of Sulphur in ‘Wrought Iron and 
Steel.—T. T. MoRRELL dissolves the specimens under investi- 
gation in hydrochloric or sulphuric acid, conducts the sulphu- 
retted hydrogen formed into an ammoniacal solution of cad- 
mium oxide, collects, dries, and weighs the precipitate. Déing/ler’s 
Polytech. Fournal, ccvit, 201. 


Physical Structure of Steel.—Steel is composed prin- 
cipally of molecules of iron, held in a fixed correlative position 
by virtue of the molecular forces; and between contiguous 
molecules there exist certain cavities known as physical pores. 
It is conceived that carbon is absorbed and retained within 
these pores by the force of attraction exerted by the molecules of 
iron and the atoms of carbon. The molecular force of attrac- 
tion is opposed by another force which is due to heat, and the 
balance of these forces is called the resultant force. These 
forces, exerted by continuous molecules, being balanced in each 
physical pore, each pore represents a distinct resultant force ; 
therefore the resultant force may vary in different pores. If so, 
the absorption and retention of carbon will not be uniform. 
Any variation of temperature in any part of the structure will 
cause a corresponding change in the resultant force in such 
pores as are subject to such change. And as this force attracts 
more or less carbon in proportion to its intensity, it follows that 
a change of temperature in any part of the structure causes a 
redistribution of the carbon. Hence it may be concluded that 
though the molecules of iron are fixed in a correlative position, 
the carbon is transitive, subject to be drawn from pore to pore, 
as the resultant force exerted at each point changes. 

When a “cold chisel” made of tool cast-steel is heated and 
suddenly cooled, the point will be white and brittle, because the 
point being thinnest cooled quickest, and as the temperature 
was reduced the molecules were drawn closer together, the re- 
sultant force increased, and as each modulus of force absorbed 
its equivalent, the accumulation of carbon was greatest at the 
point where the increase of the force was most rapid and 
greatest, it being so great as to fill the pores to excess ; and 
when the temperature was reduced to the point where the carbon 
crystallizes, the contraction of the molecules was retarded, and 
the structure subject to an internal strain. Therefore it becomes 
necessary in tempering a “cold chisel” to “ draw the temper.” 
This is done by cooling the point until it is white, and by hold- 
ing it in the air for a few seconds the heat from the upper part 
is diffused towards the point, enlarging the pores, reducing the 
resultant force, and redistributing the carbon; and thus by 
graduating the resultant force, the distribution of carbon may 
be graduated, securing the largest amount in the extreme point, 
and a less amount in the background, where elasticity is de- 
sirable to cushion the blow. The transition of carbon from 
pore to pore, and the volume at any point, is indicated by vary- 
ing shades of colour displayed on the surface of the steel. These 
varying shades are caused by a variable resultant force—phy- 
sical pores of varying size, and a variable density of structure ; 
all of which are due to the molecular forces, and the transitive 
character of carbon. 

Tempering cast steel does not disarrange the molecules in 
their correlative position, but as carbon exerts the force of 
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attraction in a much greater degree than iron, its presence in the 
physical pores adds largely to the resultant force of the physical 
structure, drawing the molecules nearer each other, thus re- 
ducing the size of the physical pores ; and these pores being 
filled with carbon, the molecular undulations are retarded, elas- 
ticity is lost in rigidity, and porosity in density. That part of 
the structure which is cooled quickest and coldest, will possess 
the smallest physical pores ; and as the greatest force is exerted 
in the smallest pores, it follows that the greatest absorption of 
carbon will be there. Thus the smaller, colder, and stronger 
pores are enabled to rob the larger, hotter, and weaker pores of 
a portion of their carbon, and this transition does not stop until 
an equilibrium has been established. 

In conclusion, the comparative density, hardness, and strength 
of cast-steel is due to the molecular forces. The phenomena of 
temper (that is, one part of the structure being made harder 
than the remainder) is due to the transitive character of carbon. 
Tempering cast-steel is merely an unequal distribution of the 
carbon. Nothing is added to the structure, and if performed 
with care, nothing should be lost. Jron, No. 88, 2. 370. 


Burnt Steel.—KuLICKE recommends the following mix- 
ture :— 
Tartaric acid 


180 grammes. 
Cod liver oil 


; _ ; goo Mr 
Charcoal . : - ‘ ; 60 Re 
Boneblack . ; 240 
Beef tallow. : 300 - 
Potassium ferrocyanide 150 iS 
Burnt horn. : go - 


These ingredients are thoroughly mixed ; the steel is first heated 
to a cherry red, and then dipped in the mixture, and afterwards 


in water. For case-hardening the following mixture may be 
used :— 

Urine. ; ; : F > 1o buckets. 

Chalk mud . : ‘ : . 2'°5 kilogs. 

Salt : 2 


. . . ° »” 

Articles of soft steel are heated to a red heat, plunged into the 
mixture and then cooled : the results are very satisfactory, with 
the exception that a most unbearable stench is created with large 
articles. Jron, No. 87, 327. 


Tempering Steel.—GarNAUT and SEIGFIELD give the fol- 
lowing process for tempering steel :—The steel, heated to a cherry 
red, is sprinkled with sea salt and worked in this state until it 
has assumed nearly the form required, the chloride of sodium 
being renewed from time to time. For the latter is afterwards 
substituted a mixture of equal parts of chloride of sodium, sul- 
phate of copper, sal-ammoniac, carbonate of soda, and a half 
pint of saltpetre. The steel is again heated, and the hammering 
is continued until the steel becomes refined throughout its whole 
substance and assumes the desired shape. It is then again 
brought slowly to a cherry-red heat, and plunged into the follow- 
ing bath :— 


Rain-water 3°7 litres. 
Alum : : 42°4 grammes. 
Carbonate of soda 42°4 = 
Sulphate of copper 42°4 = 
Saltpetre ‘ = 28°3 " 
Chloride of sodium . 169'8 e 


The government of the United States has purchased this pro- 
cess for the sum of 10,000 dollars. /ron, No. 88, 2. 361. 


Nickel Ores.—Considerable deposits of nickel ores have 
been found in Australasia near Mont d’Or, in the French colony of 
New Caledonia. Undressed samples average about 6 to 7 per 
cent. of metallic nickel, and dressed samples 15 per cent. and 
upwards; the ore exists on the surface in almost unlimited 
quantity. Cobalt does not appear to be present in this ore, but 
chrome iron exists near to the deposits. Jron, No. 91, ~. 459. 


Electroplating with Nickel.—A solution of 1250 
grammes of citric acid, 500 grammes of ammonium chloride or 
sulphate, and 500 grammes of ammonium nitrate in 15 litres of 
water is heated to about 80° C., and then saturated with freshly 
precipitated nickel hydrate. Heating is now stopped, and 2’5 litres 
of ammonia liquor are added; the solution is then diluted to 25 
litres, and after addition of 500 grammes of ammonium carbon- 
ate, filtered. The filtrate deposits, on passing an electric current 
through it, white metallic nickel. It is recommended to keep 
the bath during the deposition at a temperature of 50° C. 
Dingler’s Polyt. Fournal, ccxt. 47. 


Electroplating Phosphor Bronze.—A. POLAIN gives 
the following directions for depositing platinum on phosphor 
bronze. Dissolve 10 grammes of platinum in aqua regia, 








evaporate to a syrup, dissolve in two litres of water, and add 
to the solution 150 grammes of phosphate of ammonia and 
500 of phosphate of soda. An alkaline liquor is thus obtained, 
which on heating (not to boiling, otherwise platinum would be 
precipitated) becomes clear and acid, all precipitates becoming 
dissolved. Two Bunsen elements give a sufficient current for 
the deposition of platinum from this bath. 

Another liquor is made as follows: aqua regia is made contain- 
ing two molecules of hydrochloric acid to one of nitric acid, and 
in this 10 grammes of platinum are dissolved and the liquid evap- 
orated to a syrup, and dissolved in 2 to 3 litres of water ; in this 
solution 20 grammes of caustic potash and 40 of oxalic acid are 
dissolved, and the whole heated for 5 to 6 hours to 60° or 80°; a 
clear solution is thus obtained, the precipitate entirely dissolving ; 
potash is then added in quantity sufficient to give an alkaline 
reaction, and the liquid is then filtered and used cold as before 
with two Bunsen cells. Chemical News, xxx. 157, from Revue 
Universelle des Mines. 


Purification of Lead by Steam.—Rozau gives the 
following details as to this operation :— 

In place of stirring the molten lead, either by hand or by steam 
power, steam is introduced and causes a violent and continued 
boiling of the whole mass of metal in fusion, most favourable to 
the separation of the silver from the lead, and the purification of 
the latter. 

The above action is, of course, purely mechanical. As to its 
chemical action, although feeble, on account of its being in the 
presence of metals which do not readily become oxidized at the 
temperature at which the operations are carried on, that is to say 
about 330° Centigrade, it is sensibly felt, for the lead undergoes 
a refining action independent of that which results from its fusion 
at a dull red heat previous to crystallization, so much so that all 
previous refining is dispensed with in the case of moderately hard 
lead, though not when the metal is very hard. 

If the chemical action of the steam were zz/, the purity of the 
lead produced without previous refining could only be attributed 
to the series of partial refinings to which the lead is submitted 
by the fact of a great number of re-meltings at a dull red heat ; 
but a fact which tends to show that the steam exercises a 
chemical action is, that the oxides which are produced are first 
yellowish and earthy, but as the operation proceeds, become 
black and heavily charged with copper,.a circumstance which is 
not produced in the boilers of the ordinary system in spite of the 
most vigorous stirring. Towards the end of the operation, while 
the steam is still in action on the liquid portion in which are 
concentrated the silver, copper, antimony, and arsenic, the lead 
crystal is found to have been deprived of the copper which it 
originally contained. The antimony is gradually eliminated by 
the oxidation caused by the air during the re-meltings ; soft lead 
gives even more oxide than hard lead containing more anti- 
mony, which proves that the latter oxidizes first, and preserves 
the lead from oxidation. 

The lead produced by the steam method is perfectly soft ; 
besides a suppression of a special operation of refining, the em- 
ployment of steam offers many advantages, as the saving of the 
cost of previous purification, reduction of oxidation of the lead, 
and consequently of waste. The economy of time and labour 
is due to the rapidity of the operation and the smaller number 
of hands required, while better workmen are necessary in the 
old system than in the present, and also more space. 

When the lead to be dealt with contains not more than one- 
half per cent. of antimony, it may be operated upon by the new 
system directly, and the purification becomes reduced to that of 
the rich dross, and the expense to about one-fifth of that by the 
ordinary mode. In the case of lead which contains a larger 
amount of antimony, previous purification is necessary, but this 
operation need not be carried so far as in the ordinary process ; 
it may be arrested when only half per cent. of antimony remains 
in the lead. The arsenic having the greatest tendency to take 
the place of the silver, it has been proposed to effect the purifi- 
cation by means of soda. 

The apparatus employed in the steam system consists of an 
upper and lower boiler, each with its own furnace ; the former, for 
the melting of the lead and separating the silver, will contain 
about nine or ten tons, and the lower, which is for the crystalli- 
zation, from fifteen to sixteen tons. A stage erected around the 
lower boiler allows the workmen to watch the operation, and 
remove the oxides. The metal is run from the upper to the 
lower vessel through tubes fitted with friction valves moved by 
means of a lever ; and in order to prevent the lead from pene- 
trating into the steamway-pipe a valve-cock is adapted. _ 

The lead, having been melted in the upper boiler, is skimmed 
and run off into the lower one, and at that moment a small jet 
of steam is let in to effect the mixture of the crystals of the pre- 
vious operation with the lead in fusion. A small stream of 
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water thrown upon the surface of the lead at the commence- 
ment of the operation facilitates the formation of the crystals. 
The steam is introduced from a boiler close at hand, under the 
pressure of three atmospheres, through a lateral tube near the 
bottom of the lower boiler, and is distributed uniformly by 
means of a horizontal disc of cast-iron placed over the nozzle of 
the steam-pipe in the centre of the lower'part of the boiler. 
The boiler is fitted with a cover in segments, which are opened 
alternately every five or six minutes, when a workman detaches 
such lead as has been flung by the action of the escaping steam 
against the upper sides of the boiler, and has adhered there. Be- 
neath the lower boiler are two small supplementary furnaces, 
which bring up the discharge tubes to the proper temperature, 
and are lighted just previous to the drawing off. 

The workmen remove the oxides once only during the opera- 
tion, before the introduction of the steam, but the top of the 
boiler is fitted with a chimney which places it in communication 
with the condensation chambers, where the steam arrives, carry- 
ing with it a part of the oxides, which are deposited in a pasty 
state. 

Lhe lead is run off when about two-thirds are in the state 
of crystals, and is received in conical vessels sunk in the 
ground, the metal-ways being furnished with gratings to keep 
back any crystals. Two pigs of 2} tons each are produced at 
each operation. The pigs obtained from successive operations 
are lifted by a steam crane and arranged according to their 
quality, and those of superior quality are collected together until 
the quantity is large enough to commence a new series of ope- 
rations, starting from the point reached in the former. When 
the lower boiler is run off, the lead which has been melted in 
the upper one during the crystallization is turned into the former, 
and the operation is repeated. 

When merchant lead or complementary lead are in the state 
of crystals, these are melted by lighting the furnace under the 
lower boiler, and the lead is run off into ingots placed in a half 
circle, and filled by means of a gutter moving upon a pivot. 

The word operation is applied to the total of the work done 
between the drawing off the lead from the upper boiler into the 
lower, and the running of the enriched lead into the ingots. The 
time of an operation is onehourand a half. The running of the 
merchant or complementary lead counts for two operations, 
because the time necessary for the melting of the crystals in the 
lower boiler is nearly double that occupied by the crystallization. 
The number of operations representing this running is, for lead of 

25 grammes, 25 to 30 percent. of the number of crystallizations. 
The number of operations is on an average thirteen in twenty- 
four hours, but it sometimes amounts to sixteen or seventeen, 
according to the nature of the fuel, the draught and the proximity 
of the steam boiler ; it varies also with the Zenure,; an apparatus 
dealing with lead of 123 grammes, produces six to seven tons 
of merchant lead per twenty-four hours. Jrov, No. 88, A. 362, 
Srom La Métallurgie. 


New Bismuth Ore.—A. DEL CASTELLO describes a 
mineral from Mexico, consisting essentially of selenide of bis- 
muth. It is of a lead-grey colour, possesses strong metallic 
lustre, and appears black when powdered. It separates into 
fibres, is soft and malleable, and has hardness=2, sp. gr.=5°151. 
Chem. Soc. Fournal, from Fahrb. Miner. 1874. 


Condensation of Volatile Metallic Fumes.—P. A. 
MunvTz and T. B. SHARP patent the following arrangement 
for the collection and condensation of fumes evolved from fur- 
naces employed in melting metals and the like metallurgical 
operations, specially zinc. The fumes from a zinc or other fur- 
nace (which may first be partly cooled by passing through a 
steam generator) are conducted first into a vertical flue, formed in 
connection with the chimney, the damper whereof has a sand- 
valve, and thence into a condensing vessel or chamber. In the 
vertical flue is a steam jet, and a perforated ring or rose, 
through which cold water in a thin sheet or finely divided state 
is drawn by the jet into the flue; and thus by condensation of 
the steam aids in creating draught, and collects and condenses a 
considerable portion of the fumes or condensible matter in the 
combustion products evolved from the furnace. From the 
vertical flue the fumes are drawn or conducted into a closed 
condensing chamber partly filled with water, being made to pass 
tortuously under inclined shelves or divisions, or under and 
through a perforated diaphragm ; whereby the water retains 
the whole or most of the condensible and suspended matter, 
while the purely gaseous elements escape by a pipe from the 
upper part of the chamber. 


Coating of Mirrors with an Alloy of Gold and 
latinum.—A solution of 500 grammes of spongy platinum in 
100 cc. of a mixture of equal parts of hydrochloric and nitric 







































































































acids is evaporated to dryness, and the dry residue after 
powdering digested with 2,000 grammes of lavender essence, 
100 grammes of turpentine, and 25 grammes of sulphuretted tur- 
pentineresins. Thegold, 3ogrammes, istransformed into chloride, 
and this dissolved in 1,000 cc. of a mixture of equal parts of 
water andether. The mixture is well shaken, the ethereal solu- 
tion added to the platinum, and left to evaporate spontaneously. 
The mixture receives afterwards a charge of 50 grammes of 
litharge and a like quantity of lead borate, and 100 grammes of 
lavender oil are added to it, when it will be ready for coating 
the mirror, which has to be exposed to red heat until the com- 
position is burntin. Dingler’s Polyt. Fournal, ccxt. 74. 


Bismuth Ores.—A. Carnot describes the following bis- 
muth ores from the Meymac Mine, Correze (vide “ Practical 
Magazine,” Feb. 1874). 


Bismuth sulphide. Specific gravity, 6°60. 


Bismuth , a . 5 ; r r . 78°40 
Lead . sical . ‘ ‘ - ° . Os 
Copper R ° ° ° ° ° ° » o'4o 
Iron . ° > ° ‘ ° ° ° . oo 
Antimony . ° . : ° ° ° - O85 
Arsenic i ‘ ° A ‘ ' ° . 3 
Sulphur. . e ° ° ° . » 25 
Earthy matters . ° ° ° ° ° »  o'go 

99°18 


Hydrated carbonate of bismuth. Specific gravity, 6°81 to 7°20, 











No.1. No.2. No. 3. 
Oxide of bismuth. . - 89°75 87°50 86'90 
Oxide of lead. * . osE o'44 0°40 
Oxide of copper . ° » traces _— — 
Oxide of iron . . .. es 0°50 0°43 
Lime . . ° ° . O35 0°55 0°38 
Magnesia . = ‘ . traces 0°07 0°05 
Sulphuric acid . ° ». O25 0°22 O13 
Arsenic acid ” ‘ «: O33 o'80 0°65 
Antimonic acid . : . 1°25 1°20 
Hydrochloric acid ‘ » eae 0°20 O'l4 
Carbonic acid . . o*' Se 4°15 5°35 
Water . . ; 3 - 276 3°55 3°02 
Gangue ° ° ° + O20 0°30 I'1o 

99°80 9953. 9°57 


Comptes Rendus, Aug. 3, 1874. 


Coloration of Metals.—By meansof the following compo- 
sition, any objects in brass or gun-metal can be given a tint of 
gold, of copper, of carmine, of maroon, of bright aniline blue, a 
paler blue, and finally ofa pinky white, according to the thickness 
of the film, which, again, depends upon the time during which the 
metal is plunged into the solution. The colours thus obtained 
have a beautiful lustre, and if the objects have first been sub- 
jected to the action of acids or of alkalies, the colours adhere so 
intimately to the surface of the articles that they will resist the 
action of the tools used to polish them. : 

To prepare the solution, 42°5 grammes of hyposulphite of 
soda are mixed with 450 grammes of water; to this must be 
added 45°5 grammes of acetate of lead, dissolved in 225 
grammes of water. In raising this solution to a temperature of 
190 deg. to 200 deg. F. it is decomposed, and the sulphide of 
lead is precipitated in the form of black flakes. If the metal is 
present, a portion of the sulphide of lead is deposited on it, and 
the colours before described are produced according to the 
thickness of the deposit. In order that they should be uniform 
it is necessary to heat the objects equally throughout. Iron thus 
treated takes a steel blue ; zinc takes a brown colour. : 

If in the place of acetate of lead an equal quantity of 
sulphuric acid is added to the hyposulphite of soda, and the 
operation is carried on in the same manner, but at a slightly 
higher temperature, gun-metal or bronze becomes a beautiful 
red, then green, and finally an irradiated tint of green and red 
most striking and beautiful. This last colour deserves remark 
from the fact that it is durable, which is not the case with all the 
other colours. ' 

It is possible to obtain most beautiful imitations of marble by 
means of a plumbic solution thickened by tragacanth gum ap- 
plied to bronze previously heated to 210° F. It is treated 
finally with the ordinary solution of sulphide of lead. This 
solution will serve for many operations. /rom, p. 419. 
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Extraction of Gold from Antimonial Ores, &c. 
T. BRIGHT patents the following improved method of extracting 
gold from auriferous antimony ores, antimonial compounds, and 
antimonial mixtures. Metallic antimony is fused with the ores 
or mixtures, and the gold alloyed with the metallic antimony. 
The alloy falls to the bottom of the material. When the alloy 
becomes sufficiently rich in gold it is removed by oxidizing the 
antimony. 


§ 3. Dyeing, Calico-Printing, Bleaching, Tanning, 
Pigments, and allied subjects. 


Aniline Black.—C. Kruis finds that all heavy metals act 
on chlorate of aniline either immediately in the cold, or after 
standing on warming, producing a dark green colour, which 
becomes dark grey or black in the air. A little fuchsine is pro- 
duced and remains dissolved ; a brown colouring matter is also 
formed. 

To produce a black on tissues, either cerium iron or man- 
ganese will answer instead of copper; uranium gives a grey, 
cobalt and arsenic a dark blue. Cerium sulphite gives the 
finest black, but this salt is costly (15 francs per kilog.) A mix- 
ture of this salt with copper sulphide (about one-fourth or one- 
fifth of the cerium compound) gives a black still more vivid and 
intense, and superior to that produced by copper alone. This 
tint develops rapidly, and does not damage the fabric. Man- 
ganese black is as good as that prepared with copper, but the 
black obtained with iron is greatly inferior. Déngler’s Polytech. 
Fournal, ccxit. 384. 


Aniline Black for Printing Yarns.—The following 
colour is recommended for block work: 


Gum tragacanth water . 
Sublimed aniline black . a 
Chlorate of potash . ‘ , - 80 Be 

Water . ° ° ° 12 litres 


After printing, the goods should be dried and aged in a damp 
atmosphere. As soon as a greenish colour appears, they 
should be passed through a weak chromate bath, and then 
through soda ; after which they are washed and dried. Chemical 
News, xxx.167. From Reimann’s Farberzeitung, No. 30. 


I litre 
280 grammes 


Aniline Blue Printing Colour for Cottons.—The 
following mixture may be used : 


Acetate of alumina at 14° B. 1 litre 
Bisulphate of soda ,, 25° B. ; I 
Strong gum-water ° ° ° - oe 
Aniline blue . ° ‘ ‘ » 100 grammes 

Hot water ° e ° e . i litre 

Calico may be either printed with the mixture without previous 
preparation, or may be first padded in soap lye, containing fifty 
grammes of soap per litre. A better colour is given if this 
process be adopted. After printing dry, the goods should be 
steamed for an hour and a half, then passed through soap lye at 
a hand heat, cleared in water acidulated with hydrochloric acid, 
rinsed and dried. Chemical News, xxx. 156, from Reimann’s 
Farberzeitung. 


” 


Archil and Cudbear.—To make archil liquor, take the 
following substances : 


Zanzibar orchella-weed - . 


300 lbs. 
Ammonia liquor at 3° (Twaddle ? 


120 gallons 


Let them steep for a day and night in a cistern, and then run the 
liquor into pans heated by steam pipes underneath, and of 
dimensions about 6 yards by 4, 1 foot deep. The lid should be 
removed daily for about five minutes, whilst the liquor is agi- 
tated ; after about six weeks, it is ready for storing or dyeing, 
and is worth about 3¢. per lb. 

To make paste archil, the weed is roughly ground, and is then 
worked in pans heated by steam-pipes underneath, of about the 
following dimensions—4+ ft. long, 23 ft. wide, and 2 ft.deep. The 
following proportions are used ; 


Orchella weed ‘ ° ‘ P ° 


50 lbs. 
Ammonia liquor at 8° . ‘ ‘ ‘ 


100 ,, 

The mass is turned over with a shovel every morning and 
evening. After about eight days, the contents of four pans are 
mixed together along with 


Sulphuric acid : , : ° 
Common salt : , : ; ‘ 
The value of the product is about 23d. per lb. 


Cudbear is prepared just as paste, saving that the product of 
the digestion with ammonia liquor is dried on an iron plate 


20 lbs. 


200 ;, 








heated by steam, instead of being mixed with sulphuric acid 
and salt. When dry, the substance is ground to a powder, and 
then constitutes commercial cudbear, the value of which is about 
8d. per lb. . 

Blue archil is manufactured by putting together 


Orchella weed. : : . - loo lbs, 
Ammonia liquor at 6° . , . » . $00.5 


and working co/d, the mass being turned over twice a week for 
about ten weeks. Chemical News, xxx. 143. 


Annatto.—C. ETTI finds that bixin, the colouring matter of 
annatto, can be readily isolated in a pure state by the following 
process : An alcoholic extract of annatto is treated with car- 
bonate of soda, whereby a sodium compound of bixin is pre- 
cipitated ; this crystallizes in leaflets possessing a copper lustre, 
and from it the bixin itself is readily obtainable as a crystalline 
body. Chem. Soc. Fournal [2], xit. 907, from Berichte der 
Deut. Chem. Ges. vit. 446. 


Czrulignone as a dye.—REICHENBACH discovered 
some forty years ago a red crystallized body, which he obtajned 
by treating beech-wood tar with ferric sulphate or potassium 
dichromate and tartaric acid, and to which he gave the name 
cedriret. This body dissolves in sulphuric acid with an indigo 
blue tint, and communicates a red purple tint to creosote. Of 
late years, this substance has attracted some attention under the 
name of cerulignone. 

C. FISCHER finds that this body produces a bright orange on 
woolor silk, The substance is converted into hydrocerulignone 
by a reducing agent, and this is made into a paste, and 
thickened with gum. This mixture is then printed on silk or 
woollen goods, which are then dried and steamed. The printed 
parts are almost colourless at first, but when the thickening is 
removed, and the goods passed through a bath of ferric chloride 
or of chromate, a fine orange is quickly developed on the printed 
parts. Déingler’s Polytech. Fournal, ccxit. 353. 


Madder Colours.—H. A. DUGRENE patents the follow- 
ing process for obtaining and separating alizarine and purpurine 
therefrom : Madder, flowers of madder, garancine, or other de- 
rivatives from madder reduced to powder, are treated with a solu- 
tion of sulphate of alumina; and after boiling and filtering, 
sulphuric acid is added to the liquid, which precipitates the pur- 
purine. The ligneous residue is treated with sulphuric acid, 
water is added, and the temperature raised to about 212 deg. 
Fah. The mass is then washed over a filter. 


Red and Yellow Coralline for Dyeing.—Guicnarp 
patents the following process for preparing commercial coralline 
for dyeing purposes. Commercial coralline is treated with 
cream of tartar or other suitable mordant in the following pro- 
portions :— ‘ 

Coralline . : ‘ ‘ I kilog. 
Cream of tartar . ‘ : . Es 
Water . ‘ , 4 . ‘ 4 litres. 


After four hours the whole is filtered ; the residue is treated 
with ammonia, and again filtered ; the acid and ammoniacal 
liquors are then mixed, and the fabrics placed in the resulting 
liquid, whereby a bright red is communicated to them ; they are 
then dried and washed with water. Torender the tints capable 
of resisting soaping the following fixing bath is employed :— 


Salt of tartar ; ‘ : 
Borax ° . ° 
Tinsalts . fe » - oR as 
Water ° ‘ . ° : I litre. 
Citric acid or other suitable means may be used for converting 
the red shade into yellow. 
Coralline in paste and the residues from coralline making can 
be used by this process. Bull. Soc. Ghim. Paris, xxii. 236. 


. Io parts, 
60 


. 7 ” 


The New Dyes of Croissant and Bretonnieére. 
A. OTT says that the new dyes of Croissant and Bretonnitre 
(vide “ Practical Magazine,” Feb. 1874) comprise all shades of 
brown, yellow, and grey ; some tints of lilac, greys, and violets, 
also a colour very nearly approaching black, have thus far been 
produced. They are not very brilliant when compared with the 
aniline dyes, but they are ofa peculiar warmth of tone. In com- 
bination with the wood and extract colours, as well as with the 
aniline dyes, very beautiful new shades are obtained. Besides, 
they surpass in durability any dyes known, being not in the least 
affected by either strong acids or alkalies. The new dyes are 
generally of a much greater intensity than most natural dyes: 
they are soluble in water, and, what is very important, especially 
in calico-printing, they adhere to the fibre without any mordant 
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—still they are mostly fixed by means of bichromate of potash ; 
and finally they are cheaper than any dyes known. Chemical 
News, 776. 


Blue on Wool without Indigo to Stand Milling. 


—For 120 lbs. of goods, boil two hours with the following mixture : 


Blue vitriol . . : 3 lbs. 
Salts of sorrel . ° . : ye 
Alum : . ° ° ‘ TS os 
Tartar ‘ ° ° ° . a 
Chromate of potash . j ; ; . 


Let the goods cool in the liquor, and then boil for two hours 
with 56 lbs. of Campeachy logwood. This colour not only resists 
milling, but takes a fine blue tone from that process. Chemical 
News, xxx. 156, from Reimann’s Farberzeitung. 


Fine Black on Linen and Cotton.—BoIsseEL patents 
the following process. For every 50 kilogs. of goods the follow- 
ing operations are performed :— 

1. The goods are dyed with indigo blue (indigo at 1°50 francs 
per kilog. being used), brightened, washed, and dried. 

2. The goods are passed gradually into a bath of, Campeachy 
wood, a pound at a time, a quarter ofa litre of the following 
Campeachy extract being added along with each successive 
pound of goods : 


Water ’ . . i ‘ 25 litres. 
Extract of Campeachy wood . 7°5 kilogs. 
3. Undried goods are passed into the following bath, pound 


by pound, half a litre of the fluid being added along with each 
successive pound of goods: 


Boiling water . ° . ° 50 litres. 
Bichromate of potash : . 6 kilogs. 
Soda crystals . ° ° ° . 


After standing for some hours, washing and drying, the goods 
are finished. 

The same black can also be obtained by first passing into 
Campeachy wood extract, then, after drying, through bichromate 
of potash, and after drying again through the indigo vat, the 
same strengths being used as those above indicated. Bulletin 
Soc. Chim. Paris, xxit. 239. 


Fine Grey for Cottons and Linens.—BOolssEL 
patents the following method of operating. For every 10 kilogs. 
of cotton the following mixtures are used:— 

Operation I. The goods are passed for about half an hour 
through the following boiling bath, and then dried— 


Olive oil ° ‘ ‘ ° ‘ I litre. 
Soda crystals ° ° ° I kilog. 


Operation II. The goods are passed for a quarter of an hour 
into the following bath, and used hot— 


Take 
Finely powdered coal eer 20 kilogs. 
Soda crystal ., ° ° ‘ a 
Boiling water . ° ° ° Io litres. 


Mix the whole, and let stand for several hours ; then boil the 
paste for half an hour with 150 litres of water and strain, The 
goods should be passed through this bath five times, then washed 
in slightly warm water, and finally in cold water. 

Operation III. The dried goods are passed through gelatine 
to which a little oil is added. 

The grey thus obtained resists soap, acids, and chloride of 
lime. Bull. Soc. Chim. Paris, xxii. 238. 


Extraction of Grease from Wool.—E. T. HUGHEs 
patents processes, the object of which is: 1. To extract the 
potash in a state of carbonate, and 2. To completely extract the 
greasy matters which separate from the washing liquors. The 
process consists in the employment either of caustic baryta or 
strontia, the essential characters of which are (1) to effect the 
entire separation of the greasy matter ; (2) to extract the car- 
bonate of potash contained in the washing liquors ; and (3) to 
effect the continuous revivification of the baryta and strontia em- 
ployed. 


Removal of Fat from Wool.—J. L. LARCADE patents 
the following process. The greasy wool is mechanically thrown 
into a drum and powdered sulphate of lime sifted on to it while 
revolving. The sulphate of lime takes up the grease very readily, 
and is then blown out of the material by a blowing machine, 
arranged along with a beater, which also removes all dust and 
extraneous solids from the dry clean wool. Bu//, Soc. Chim. 
Paris, xxii, 228. 

























































































Coloration of Ceruse.—G. C. WiTTsTEIN has examined 
a specimen of white lead of a greyish-red tint. The colour was 
here due to the presence of ferric oxide, and not to that of lead 
oxide. 2°25 percent. of this material was insoluble in acetic acid, 
and contained silica, sulphate of lead, and oxide of iron. Baker 
has attributed the red tint occasionally seen in ceruse to the 
presence of silver; Bannow, Kramer, Lorschied, and others, 
to the existence of red lead (lead oxide) in the material. Ding- 
ler’s Polytech. Fournal, ccxit. 223. 


Valuation of Tanning Materials. — Munrz and 
RAMSPACHER employ the following process. A morsel of hide 
softened in water is stretched over a small zinc drum 6 centi- 
metres wide, and secured by a copper wire ; the opposite face of the 
drum terminates in a tube, to which an india-rubber pipe is at- 
tached, from 1°5 to 2 metres in length, and terminating in a 
funnel. Into this is poured a known quantity of the extract to 
be valued. The first 5 cubic centimetres of liquid which per- 
colates are rejected, containing much moisture mechanically 
displaced from the skin ; of the rest of the percolate a given bulk 
is taken and evaporated to dryness, the same being done with 
the original extract. The difference between the two weights 
represents the tannin abstracted by the hide. Compies Rendus, 
No. 6, Aug. 10th, 1874. 


§ 4. Food and Sanitary Matters. 


Production of Uncrystallizable Sugar during 
Sugar Refining.—F. ANTHON has made various experiments 
as to the alleged power possessed by certain substances in pre- 
venting the crystallization of sugar. Some consider the cause 
of molasses to be solely organic matters of a gummy nature, or 
extractive and colouring matters ; others attribute the formation 
of uncrystallizable sugar to the presence of certain salts, whilst 
others class all bodies (organic and inorganic indifferently) into 
three categories, viz., those which prevent the production of mo- 
lasses, those which favour its formation, and those which are 
wholly indifferent. 

Chloride of calcium in small quantity diminishes the solubility 
of sugar, and causes it to crystallize out from a cold saturated 
solution ; but a large quantity of that salt prevents the crystal- 
lization from taking place at all. For instance, crystals of sugar 
separate on cooling, or on standing, from the following liquid, 
prepared hot :— 


Sugar. . ° . - 100 to IIo parts. 
Dry chloride ofcalcium . 8, 12 ,, 
Water. , ° : . na 


On the other hand, with the following proportions :— 


Sugar. r= ‘ é 50 parts. 
Chloride of calcium . . ‘ . 
Water. . . . : 0D 6. 


the chloride of calcium separates out in crystals as the mass 
stands and the sugar remains dissolved, without losing its power 
of crystallizing, however. 

Yet again, with the following proportions :— 


Sugar . ° ° . ° IIO parts. 
Chloride of calcium . . stp . 
Water ° ° ° . ° 2 « 


a molasses-like liquor, depositing no crystals of any kind, results. 
Hence chloride of calcium (and other substances) may act in 
either of the three ways—facilitating crystallization, producing 
molasses-like sugary substances, or indifferently. 

On the whole, any substance which renders the syrup more 
thick and viscous, prevents crystallization. The author con- 
siders that the sugar in molasses is for the most part free, and 
not combined with any of the accompanying substances. ud/. 
Soc. Chim. xxii. 233 ; from Dingler’s Polytech. Fournal, ccxit. 
414. 


Sebor’s Method of Preparing Sugar from Mo- 
lasses.—O. PELLER states that in a trial experiment 250 cwts. 
of molasses, containing 45 per cent. of sugar, were worked up to 
450 cwt. of sugar-lime. The diffusion-water carried away with it 
3 per cent. of sugar. The result of the whole operation stands 
therefore thus :— 

250 cwt. of molasses, contain- 
ing 45 percent. ofsugar . 
Loss in 1,700 cwt. of diffusion- 
water, at 3 percent. . ° sro » . 


Yield . M ‘ ° . 615 » ” 


which corresponds to 24°48 per cent. of sugar, a highly satisfac- 
tory result. Dingler’s Polytech. Fournal, ccvit. 410. 


112°5 cwt. sugar. 
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New Process for Sugar Manufacture.—AUTEUIL 
DE SAVIGNON proposes to break thé cortical membrane of the 
sugar-cane by mechanical means, and then to dry the canes cut 
into suitably sized portions or discs. When required to extract 
the sugar, these discs are treated with cold water, whereby 
a pure solution of sugar is immediately obtained of sp. gr. 
15° B., and containing very little glucose. The operations of 
refining are thus much shortened, whilst the fermentation 
taking place in the cut canes is obviated. Budi, Soc. Chim. 
Paris, xxit. 235. 


Charcoal for Sugar Refining.—G. C. STEWART states 
that new charcoal often contains 5 to 10,and even 15 percent. of 
moisture. This is not wholly volatilized in the water-bath, a 
temperature of 160° to 180° being required to render the char 
anhydrous. Organic matter is generally present to the extent 
of from o’o! per cent. to o'50 per cent.; it can be detected by 
the odour developed on igniting in a closed crucible, or by adding 
sulphuric acid, which becomes browned if only a minute quantity 
of organic matter is present. Old char may contain from 0°30 
to o’60 per cent. of ferric oxide, whilst new char does not exceed 
o'15 per cent. The ash from the old material is yellow and 
even brownish, whilst new and fresh char gives a white ash. 
The microscope serves to detect admixture with coal, dust of 
various kinds, vegetable charcoal, &c. Old char thus exhibits 
a peculiar appearance, different from that of new; the latter 
exhibits regularity in division, and the fragments are sharp edged 
and black and velvety in appearance, whilst the former appears 
confused and scattered in division, with coarse and broken 
edges, owing to frequent revivifications and manipulations in the 
sugar-refinery. Chemical News, xxix. 199. 


To render Tough Meat Tender.—G. C. Roy states 
that Indian cooks are in the habit of adding to tough meat a 
few drops of the milky juice of Carica Papya, whereby the meat 
is rendered tender. From experiments made on the subject, 
it seems that the juice exerts a marked disintegrating power on 
animal matter without promoting putrefaction. Not impossibly 
the active agent is an albuminous ferment analogous to yeast. 
The meat does not seem to be rendered injurious to health, as 
the meat experimented with was repeatedly eaten by a cat with- 
out injury. Chemical News, xxx. 154, from Braithwaite’s Retro- 
spect of Medicine, lrix. 1874. 


Cornish Sardines.—A manufactory of “ sardines” from 
pilchards has been started at Megavissey, Cornwall. Hitherto 
these fish have been captured in large quantities and used for 
manure, or even returned to the sea as useless. JVature, x. 407. 


Artificial Food.—B. Hunt patents the following composi- 
tions as being capable of furnishing to the animal economy in an 
appropriate form certain matters not always found in suitable 
proportions in food, and of acting as powerful means of regulat- 
ing the functions of the body :— 


No. I. 
Water ° ° ; 300 ~—sparts. 
Lactophosphate of lime 15 
Fluoride of potassium 0'75 
Ammonio-citrate of iron 6 
Citrate of manganese I 
Citrate of potash ; I 
No. 2. 
Lactophosphate of lime . 15 
Fluoride of potassium . 
Water ° ° ° » 300 " 
Sugar ° ° . » guantum sufficit, 


Preparations containing from 0'25 to 20 grammes of fluoride 
of potassium may also be used, as may also pastilles or bonbons 
made of very finely ground bones, not subjected to any other 
treatment than mere mechanical disintegration. Chemical News, 
xxx. 146. 


»” 


parts. 
0°75 ” 


Butter.—D. HIPKIns patents the following method of 
manufacturing artificial butter, and of clarifying or purifying 
rancid butter :— 

This consists (1) in making artificial butter by melting fat by 
means of steam or hot water. The fat is then drawn off and 
allowed to cool. Itis then raised in temperature, and the oleine 
removed by pressure from the stearine. The oleine is then 
melted and suddenly cooled by plunging it into a liquid, and 
thus becomes very similar to butter; (2) in purifying rancid 
butter by melting it and removing any deposit: then boiling it 
with lime water and allowing it to settle ; and finally, treating 
the liquor thus clarified by suddenly cooling. 

L. CHICHKOFF states that by agitating together milk (pre- 





viously deprived of cream and warmed) and butter, an emul- 
sion is formed, from which a kind of cream separates on stand- 
ing, which is converted into butter by churning. Both this 
artificial butter and ordinary natural butter consist of milky 
globules or bubbles, the interstices of which are filled by a 
solution of caseine, sugar of milk, and salts. These bubbles 
remain fluid, even at low temperatures, but solidify by churning 
or the communication of an acid reaction to the liquid, a low 
temperature assisting. Bull. Soc. Chim. Paris, xxit. 147. 


Adulteration of Butter.—J. HorsLey states that by 
the process proposed by him for the examination of butter (vide 
“Practical Magazine,” October, 1874, p. 254), the following nu- 
merical values can be obtained as the proportions of fat 
recovered :— 


Lard . F - 60 per cent. 
Mutton fat ., ° ° 75 
Beef fat . . : * 95 


”? 
9 
The precipitated mutton fat is powdery and as white as snow, 
it makes the firmest compound, lard and beef fats being more 
adherent and greasy. Chemical News, xxx. 155. 


Composition of Oatmeal, and its value as a Food- 
stuff.—DUJARDIN, BEAUMETZ, and HARDY, find oatmeal to 
consist of— 


Water . ; ‘ 87 
Fat. ‘ : 75 
Starch . : i F 64'0 
Nitrogenous matter II'7 
Mineral matter . . 1'5 
Cellulose and loss. 7°6 
1000 
It contains 2 per cent. of nitrogen, while wheat, according to 
Payen, has 1°64, rye 1°75, and rice 1°08 per cent. Boussingault 
found in oatmeal o’o131 per cent. iron, while flesh and wheaten 
bread contain only o’0048 per cent. It is probably, therefore, 
more nourishing than the flour of other species of grain. Dingler’s 
Polyt. Four. c¢%. 477. 


Bye-products in the Manufacture of Starch.— 
G. BOUCHARDAT finds that the sour liquor of the starch-works 
contains a considerable amount of alcohols and compound ethers 
of various kinds : ethylic, propylic, and tritylic alcohol, and the 
acetates of ethyl, propyl, and butyl are thus present. From 120 
litres of sour liquor, 490 grammes of the mixture of these bodies 
was obtained, of which propyl alcohol formed about one-third. 
Comptes Rendus, lxxvit. 1145. 


Treatment of Wine and Alcoholic Fluids.—E. W. 
PHIBBS patents processes the object of which is to improve the 
flavour and produce the effect of age on the liquid treated. 
For this purpose the liquid is subjected to heat in closed ves- 
sels, at a temperature exceeding the boiling point of water, and 
such liquid is either placed in vessels of sufficient strength to 
resist the expansive force of the liquid when heated, or operated 
on to the desired degree of heat when the containing vessels are 
under external pressure. It may be an advantage to place the 
closed vessel containing the liquid to be heated within another 
closed vessel containing fluid, in order that by the corresponding 
expansion of the fluidin such enclosing vessel from the heat em- 
ployed, it may counteract the danger arising from the bursting 
of the inner vessel containing the liquid to be treated. The tem- 
perature is gradually reduced after the operation. 


Fermentation in Gases destitute of Oxygen.— 
Moritz TRAUBE finds that yeast-germs do not develop with- 
out the presence of free oxygen, even if the media are favourable 
for the growth, ze. such substances as grape juice; if, however, 
the yeast be already developed, they increase in suitable media, 
even in the absence of free oxygen. Pasteur found that yeast 
can obtain the oxygen necessary for its growth from sugar ; this 
however is incorrect, as the increase ceases whilst a large amount 
of sugar is yet undecomposed; if air be excluded, the yeast 
grows at the expense of the accompanying albuminous sub- 
stances. With pure sugar, and in absence of air, yeast sets up 
alcoholic fermentation, without itself increasing ; the statement 
of Pasteur that the process of fermentation of sugar is accom- 
panied by organization of yeast is incorrect. Grapes will form 
alcohol from their sugar in absence of air ; but expressed grape- 
juice will not do so. The author concludes that it is not 
necessarily true that fermentation is a vital process, depending 
on the activity of living cells. Chemical News, xxx. 144, Srom 
Berichte der Deut, Chem. Ges. No. xi. 1874. 
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Sea-water Ice.—J. G. BUCHANAN states that pack-ice from 
the Antarctic regions contains a considerable amount of salt, also 
lime, magnesia, and sulphates, the average amount being equiva- 
lent to 0°1723 grammes of chlorine per litre of water (after 
melting) ; a specimen of ice from sea-water, frozen in a bucket, 
contained about 9 times as much. The presence of the salt in the 
ice lowers its melting point by about 1° C. and the water obtained 
on melting is too salt to be used for drinking purposes. Pro- 
ceedings of the Royal Society, xxii. 431. 


Animal Manure.—RENOULT patents the following pro- 
cesses for solid substances. A solution is made consisting of 


Sulphuric acid at 66°-B. . I part. 


Water . ;: ‘ ‘: . ‘ S « 


100 parts of the animal solids (flesh, fish, &c.) are treated with 
18 of the acid, the solids having previously been chopped up small, 
and the whole being mechanically mixed together, and ground 
up for one hour : the whole is then allowed to stand for about 6 
hours, and finally treated with 8 per cent. of finely pulverized 
quicklime ; sulphate of lime is thus formed in which the animal 
matter remains enclosed ; after standing for 6 hours, the whole 
is moulded into brick-shaped masses, which are drained in the 
perforated moulds in which they are prepared, and then dried 
and pulverized ; the liquid portion is evaporated in the water 
bath, and then mixed with the pulverized brick masses. 

Liquid and semi-liquid masses like brains or blood are treated 
with 9 per cent. of sulphuric acid at 66°, and 12 per cent. of quick- 
lime, the rest of the process being the same. Bull Soc. Chim. 
Paris, x2rit. 239. 


Manures.—J. H. JOHNSON patents improved processes re- 
lating to the production of manure by the precipitation in a solid 
and imputrescible form, whilst retaining its property of assimila- 
tion, of the nitrogenous matter contained in solution in blood. 
The precipitation is effected by means of mineral acid, such as 
sulphuric or chlorhydric acid ; or of compounds, such as sulphate 
of alumina or sulphate of iron, or the two combined ; these are 
mixed with the liquid blood, into which there has been previously 
introduced a soluble salt or compound, such as an alkaline sul- 
phite or bisulphite, or alkaline earth, or chloride of lime or other 
hypochlorite, the liberation of one of the constituent elements, 
say sulphurous acid, or chlorine, by means of the acid subse- 
quently introduced into the liquid effecting by its action complete 
coagulation. The precipitated matter is collected in a filtering 
apparatus, and either pressed into the form of cakes or dried. 
The apparatus consists of two series of. vessels through which the 
blood andacid are respectively conducted to acommon vessel below 
in which their admixture is effected. These vessels are provided 
with ball and othercocks forthe purpose of obtaining a continuous 
discharge of the liquids and of intercepting them. 


Manure for Vines attacked by the Phylloxera.— 
C. JUGE recommends the following mixture, which has been 
successfully used near Bégiers :— 


Sulphate of ammonia : , 600 kilos. 
Phosphate of lime (precipitated) 200 » 
Lime ‘ ° : . ° o HAO « 
Alkaline sulphates (2 parts) mixed | 
with chloride of potassium, > 300 5, 
Gpart) . H - - J 
Littery dung ‘ * . ‘ 15,000 ,, 
Orrags . ‘ ° ° o 200 « 


Comptes Rendus, No. vit. 1874. 

Soda in Plants.—G. BUNGE states, that the results of 
Peligot and others (that soda is zo¢ a constituent of a very large 
number of plants, both wild and cultivated) are erroneous, the 
analytical method employed being imperfect ; the aqueous solu- 
tion of the plant ashes only was examined ; but the author finds 
that in some ashes the soda forms insoluble double phosphates 
with the earths, and hence is not necessarily absent, even though 
not found in the aqueous solution. By examining an acid solu- 
tion of the ashes from the garden bean, he finds that soda is 
actually present in small but not unimportant proportions. Azz. 
Chem. Pharm. clxxit. 16. 

[It is well known that soda forms compounds insoluble in 
water with certain earthy salts, &c. ; thus, an appreciable quan- 
tity of insoluble silico-aluminate of soda is often formed in the 
ordinary Leblanc process ; whilst the production of a similar 
insoluble compound, probably a double carbonate of calcium and 
sodium, gives rise to a very considerable loss of alkali during 
roe _ Vide “ Practical Magazine,” 1873, Feb. p. 114. 
—ZD, 






















































































Limits of Temperature for the Germination of 
the more important Agricultural Seeds.—F. Haser- 
LANDT publishes tables showing the minimum and maximum 
degrees of temperature at which different seeds will germinate. 
Wheat, barley, rye, oats, buckwheat, sugar beets, linseed, poppy, 
clover, lucern, peas, rape, mustard, and others have their mini- 
mum below 4°75° C. The minimum for sainfoin, pimpernella, 
carrot, cummin, sunflower, cat’s-tail grass, sorghum sacchar., 
sorghum vulgare, and maize, is between 4°75° and 10°5° C.; 
for tobacco and gourd between 10°5° and 15°6°C.; and for 
cucumber and melon the minimum is between 156° and 
18°5° C. 

The maximum limit for gold of pleasure, coriander, and mar- 
joram, is between 25° and 31°25° C.; for wheat, rye, barley, 
oats, English ray-grass, vetches, horse-bean, peas, chick-peas, 
white mustard, woad cabbage, late kohlrabi, turnip, radish, 
madder, fennel, carrot, cummin, parsley, poppy, linseed, tobacco, 
and aniseed, between 31°25° and 37°5°C.; for the common bean, 
lupin, clover, lucern, early kohlrabi, summer rape, buckwheat, 
chicory, sunflower, spurge, and some varieties of cabbage, be- 
tween 37°5° and 43'75° C.; and, finally, for maize, sorghum 
vulgare, panic-grass, turnip-radish, hemp, teasel, gourd, cu- 
cumber, and sugar melon, between 41°2° and 50° C. 

Other tables show the percentage of seeds germinating at the 
temperatures 18°75°, 25°, 31°25°, 37°5°, 43°75, and 50° C.; the 
number of hours elapsing before the rootlets reached a length of 
2 millimetres ; and the average growth of the rootlets in two days 
at different temperatures. In all cases there is increased growth 
from 18°75° to 25° C., and in nearly all cases a decrease from 
31°25° to 37°5° C. Landw. Vers. Stat. through Chem. Soc. Fourn. 
1874, 910. 


Sanitary condition of Oxfordshire.—G. W. CHILD 
reports that it is the exception and not the rule to find in country 
districts a water at once plentiful and wholesome, and even 
tolerably accessible to the people. Usually the drinking water 
is of the foulest description. The cottages are often “ completely 
black, reeking of smoke and filth, damp, clammy, and noisome ;” 
cases are of frequent occurrence where six, eight, or ten people 
sleep in one such room. 

In one instance two petroleum barrels were buried in the 
earth and caused the water in a chain of wells extending to a 
distance of 189 yards to become tainted with a nauseous flavour. 
The author recommends for the disposal of sewage and domestic 
refuse the Milan system, as preferable to ordinary cesspools, dry 
closets, and complete water sewage. On this system water-tight 
cesspools are used, and emptied when required by atmospheric 
pressure. In Milan it is completely successful; also in Flo- 
rence, where it has been recently introduced ; a clumsy imita- 
tion is, however, used in Paris, and this often leads to an unjust 
condemnation of the system. Report on the sanitary condition 
of Oxfordshire, Chem. News, xxx. 143. 


Carbonic Acid in the air of Canal Boats.—c. A. 
CAMERON finds that the air in the cabins of canal boats con- 
tains an undue excess of carbonic acid. Persons sleeping on 
board such boats are very liable to phthisis, and other diseases 
—— or aggravated by breathing vitiated air. Chem. News, 
No. 776. 


Cremation.—HEIN reports favourably on Siemens’ appa- 
ratus, recently tested during some experiments at Dresden. A 
pig weighing 164 lbs. was entirely reduced to ashes, weighing 
only 4 lbs. in two hours, the temperature being from 600° to 
800°, 


§ 5. Fuel, Gas, Illumination, Sc. 


Louisiana Lignite.—Considerable deposits of brown coal 
are found on the banks of the Mississippi, about two miles below 
Shreveport, Louisiana. The following analysis represents their 
composition after becoming air-dry :-— 


Water " ae ° ° 15°26 
Bituminous volatile matter ° 








41°30 

Fixed carbon of coke » ‘ 37°55 
Ash . ° ° ° ° ° 5°89 
Sulphur . ° , ° - traces 
100°00 

Specific gravity . ‘ 4 1143 


This lignite is nearly black, and its structure is not very dis- 
tinct ; it dissolves completely in caustic soda solution, Che- 
mical News, xxx. p. 153. 
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Artificial Fuel.—D. BARKER patents the following im- 
provements in the manufacture of artificial fuel, for the purpose 
of utilizing coal, anthracite, lignite, &c., when in a state of 
powder, and rendering them suitable for smelting iron, or other 
purposes requiring a very high temperature. If coke is the 
article of manufacture, it is first powdered, mixed with mucilage, 
and pressed into blocks. If anthracite is employed, it is first 
coked, and then treated as the foregoing. The mucilage is 
made by mixing one part of farina, from which the gluten has 
been removed, with twenty parts of water, and adding thereto a 
solution of sulphate of alumina in water. 


Peat Fuel.—W. RopDEKE patents the following process for 
making peat fuel. Peat, which has been effectually macerated, 
pulped, and freed of part of its-water, is dried in a long shed 
with hot flue pipes at the bottom, under which are perforated 
cold air pipes, which by a double funnel joint are connected 
with a vacuum, which is enclosed by the two funnel joints, and 


through which from outside a blower forces cold air at a very | 


high velocity. Inside the shed the outflowing air is exhausted 
through the ventilating flues, which may also be provided with 
what are known as air-pump ventilators. The roof is arch- 
shaped. Artificial fuel is dried by the same method. Peat is 
subsequently charred in retorts lying inclined on an elevated 
plane which forms the flue of the furnace. Two such furnaces 
are erected, and the elevated plane on its highest point forms 
the centre between them where they run into one common 
smoke flue. The small of the charcoal produced during char- 
ring is compounded with pulped peat, lime, farina, bituminous 
or resinous substance, or the volatile grease obtained from 
charring. This is compressed and dried, and may subsequently 
be re-charred. 

A. BarFF and J. KIpD patent the use of specially constructed 
apparatus for the manufacture of peat fuel. Their process con- 
sists in (1) drying, charring, or distilling granulated peat in 
revolving cylinders by forcing the products of combustion into 
the cylinders by a fan blower, or by the escaping force of a jet 
of super-heated steam ; (2) apparatus for pressing or moulding 
the disintegrated peat by forcing it through iron pipes or cylin- 
ders ; (3) apparatus for burning the fuel by injecting it into 
cylindrical furnaces by the escaping force of a jet of air or 
steam. 


Natural Inflammable Gas from a bed of Silt.— 
ANDREWS states that, in sinking for a well in Belfast, 33 ft. of 
silt were first passed through, and then a bed of gravel was 
reached containing much organic matter, and 7 ft. thick : this 
rested on a bed of tenacious clay. On entering the gravel bed, 
much water flowed into the shaft, and rose up to within 4 ft. of 
the surface of the ground ; on pumping this out, it was noticed 
that inflammable gas was present in the shaft, flowing from the 
junction of the silt and gravel at the rate of about 40 cubic inches 
per minute. A portion of this was collected, and found to 
consist of 


Marsh gas 4 83°7 
Carbonic acid . 
Oxygen. . ° ‘O 
Nitrogen . ° 12'7 


100°00 
the density being 0661. Hence the gas thus formed in the 
subterranean sheet of water is in all respects the same as that 
produced in stagnant pools containing decaying leaves or other 
organic matter. Chemical News, xxx. p. 138. 


Purification of Gas.—E. F. CRUSE states that the purifi- 
cation of gas, after its condensation and washing, is principally 
effected by the use of caustic lime or oxide of iron. The im- 
purities consist of sulphide of hydrogen, sulphurous acid, bisul- 
phide of carbon, cyanogen and different cyanides, carbonic acid, 
and ammonia. 

Caustic lime, as well as oxide of iron, is a very effective agent 
upon nearly all these impurities. The caustic lime readily absorbs 
the sulphur of the sulphuretted hydrogen, forming sulphide of 
lime ; it neutralizes and withdraws the sulphurous and carbonic 
acid, and forms with the cyanogen, and the cyanides, solid 
cyanides of lime. The lime, however, has no effect upon the 
carbonate of ammonia. But this impurity ought to be removed 
from the gas, by washing in the scrubber, and only the last traces 
of it pass over to the purifying boxes, where the moisture of the 
lime will, of course, absorb some ammonia, but only very little 
at the best. The bisulphide of carbon will not be decomposed 
or absorbed by the lime, but passes through all the purifiers and 
remains in the gas. 

Oxide of iron, as a purifier, will absorb the sulphur of the 
sulphuretted hydrogen, forming sulphide of iron ; it will also 





neutralize the sulphurous acid and decompose the different cya- 
nides. The carbonate of ammonia will be decomposed, and the 
last traces of ammonia will be removed from the gas by this 
purifier. But the oxide of iron has no effect whatever upon the 
carbonic acid, and, like the lime, none upon the bisulphide of 
carbon. The bisulphide of carbon, which forms a considerable 
impurity of the gas, will not be removed by either of these puri- 
fiers, and there exists actually no practical way of removing it, 
But in those gas-works where the ammoniacal liquor is utilized 
and the water from the hydraulic main used for washing the gas 
in the scrubber, the bisulphide 6f carbon is to a great extent 
dissolved in the ammoniacal liquor, and does not pass over to 
the purifying boxes. 

Comparing the effect of the lime and of the oxide of iron, it is 
found that they are about equally effective upon the sulphides 
and cyanides in the gas. The ammonia is not absorbed by the 
lime, but is by the iron, whilst the carbonic acid is not affected 
by the iron, but is absorbed by the lime, and both are equally 
ineffective upon the bisulphide of carbon. The lime, after its 
power is exhausted, becomes useless, and causes only expense 
in removing, and trouble on account of its obnoxious smell and 
the poisonous gas which it exhales. 

The oxide of iron, after being removed from the boxes, under- 
goes revivification by mere exposure to the air, and is soon 
ready to be used again. The chemical process is simply this, 
The sulphur from the sulphide of hydrogen is combined with 
the iron to form sulphide of iron, which is a very changeable 
compound. If exposed to the air, one-third of the sulphur will 
be set free ; and the other two-thirds will be transformed into 
sulphate of iron, or copperas, merely by the absorption of oxygen 
from the air. In this way the exhausted oxide of iron, after 
being exposed to the air and decomposed by the oxygen, is 
brought back to the boxes as a mixture of oxide of iron and 
copperas, and it is by the copperas that the ammonia of the gas is 
absorbed. The sulphuric acid of the copperas forms sulphate 
of ammonia, and sets the oxide of iron free to absorb sulphur 
again from the sulphides in the gas. The purifying power of 
oxide of iron will last a very long time, and is only limited by 
the accumulation of sulphur. As said before, one-third of the 
sulphur is set free at every revivification, and this sulphur accu- 
mulates in the mass, so that in a very long time it can amount 
to 60 per cent. of the whole. 

Iron and lime are both very good purifiers, but the lime can 
only be used once, and is thus practically very expensive. The 
iron can be used over and over again, but does not affect the 
carbonic acid in the gas, and has, if used alone, another con- 
siderable disadvantage. That is, the oxide of iron will not very 
readily absorb the sulphur from the sulphide of hydrogen, if the 
whole mass is not in an alkaline or at least neutral condition. 
The copperas is a very unsteady and changeable combination, 
and there is always great danger that the neutral condition of 
the mass will be changed into an acid one, and in this way 
diminish the absorbing power of the oxide of iron for sulphides. 
This fact accounts for the very irregular results which are 
obtained by the use of oxide of iron as a purifier, and has led to 
the use of the well-known combination of Laming, who first 
used oxide of iron and caustic lime together. 

A very good way to prepare Laming’s mixture is this :—Take 
equal weights of caustic lime and sawdust and mix them 
thoroughly. For this purpose the lime ought to be sifted, in 
order to keep all the lumps back and only the fine dust used. 
Then put in the same weight as the lime or sawdust of copperas 
dissolved in water, and expose it to the air for at least twenty- 
four hours. If the copperas is dissolved in boiling water the 
whole amount can be mixed at once ; if not, it must be done in 
smaller portions, waiting till the solution 1s absorbed by the 
sawdust and lime. In this way this purifier consists of equal 
weights each of sawdust, copperas, and lime. After it is mixed 
the caustic lime will decompose the copperas and form sulphate 
of lime, the protoxide of iron of the copperas will absorb oxygen 
from the air and form a very finely divided mass of oxide of 
iron. This can be observed by the brown colour which the 
whole mass assumes. Copperas needs only one-fifth of its 
weight of lime for this decomposition. Laming’s mass ready 
for use consists of a mixture of oxide of iron, sulphate of lime, 
and a large excess of caustic lime. 

The gas passing through this mass will give its sulphur to the 
oxide of iron ; the sulphate of lime will absorb the last traces of 
carbonate of ammonia, forming sulphate of ammonia and car- 
bonate of lime, whilst the caustic lime will absorb the free acids. 
But the principal effect of the presence of lime is the alkaline or 
at least the neutral condition of the whole mass, without which 
the absorption of the sulphide of hydrogen by the oxide cannot 
take place in a very satisfactory way. Except, as said before, 
on the bisulphide of carbon, this mixture of lime, sawdust, and 
copperas has an excellent purifying effect upon all impurities. 
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As long as there is any caustic lime left, this purifier will indeed 
be the most perfect one; and even if all the caustic lime is 
turned into sulphate of lime, this sulphate in absorbing the 
ammonia sets lime free, ready to absorb again the carbonic acid 
from the ammonia in the gas. 

After its use, this mass in its chief elements will consist of 
sulphide of iron and carbonate of lime. Exposed to the air the 
sulphide of iron will undergo exactly the same reaction as the 
oxide of iron mentioned before. One-third of its sulphur, will 
be set free, and the rest of it will form the original copperas 
again, by absorption of oxygen from the air. Now the essen- 
tial point of the presence of lime is that the carbonate of lime 
will decompose the copperas, forming sulphate of lime and 
oxide of iron, which will be in its original condition, very finely 
divided and very effective upon the sulphide of hydrogen. 

Now, practically, if a suitable iron ore can be bought cheaper 
than copperas, there is, from a theoretical view, no objection 
why half of the weight of the copperas could not be substituted 
by ore or iron borings. In such a case a mixture of 33 per 
cent. of lime, 33 per cent. of sawdust, 161 per cent. of copperas, 
and 16% per cent. of iron ore, would have just as good results. 
But of course the iron ore is very variable, and its effect 
depends on the percentage of oxide of iron and of its divided 
condition. 

The most perfect purification of the gas would be obtained by 
the use of the mixture of lime, sawdust, and iron in the purify- 
ing boxes, and the use of a very small quantity of lime, either 
dry or wet, afterwards, for neutralizing the carbonic acid. This 
purifying process, combined with the use of the ammoniacal 
liquor in the scrubber, for removing the bisulphide of carbon, 
would furnish the purest gas of the highest illuminating power, 
which can be manufactured practically,and very cheap. Paper 
read before the Gaslight Association. U.S. 


Utilization of Bye-Products in Gas Purifica- 
tion.—MALLET patents the use of the lime that has been 
employed in the distillation of the ammoniacal liquors for the 
preparation of ferric oxide; the lime is simply added to a 
salt of iron and the whole exposed to the air. Bull. Soc. Chim. 
Paris, xxit. 
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Treatment of Gas Tar.—The tar produced in the Paris 
Gasworks treated in the central works at Villette. The 
principal products obtained are :—The light essences, which 
undergo in one workshop various special treatments, the aim of 
which is to obtain the commercial products known under the 
names of benzine, for scouring, application of caoutchouc, &c. ; 
phenic acid, for preparation of picric acid and disinfection ; and 
benzole, the primary matter in the manufacture of aniline. A 
new manufacture, that of anthracene products, employed in the 
preparation of artificial alizarine, has of late been added to the 
others. The heavy oil is utilized for conservation of wood, for 
oil-paintings, and the manufacture of smoke-black, and can 
also be advantageously used in heating furnaces and steam- 
boilers. The pitch is employed for agglomeration of slack coal, 
preparation of artificial bitumen, &c. Lastly, to utilize a residue 
which is almost without value, and always encumbering, an 
abundant product in gas-works, coke-dust, the company has 
recently erected a special workshop, in which this dust is agglo- 
merated with pitch. It thus obtains a fuel suitable for heating 
steam-boilers, and which may be mixed, in a certain proportion, 
with the coke used in heating gas-furnaces. 

To avoid the inconveniences which may arise from the 
operations of a gas industry in the interior of a place like Paris, 
several important improvements have recently been introduced. 
Thus, to render impossible the infiltration of oily products into 
the ground—the effect of which is to alter the nature of 
water supplying the wells on neighbouring properties; the 
tars and oils produced are stored in large reservoirs of 
sheet iron, placed at an elevation on blocks of masonry. 
These reservoirs are, besides, so arranged as to permit an 
easy surveillance at their edges, and also to economise a 
large part of the expense of manual labour at the time of deli- 
very. The oils, received directly on coming out of the serpen- 
tines, in iron tanks, are forced by air-pressure into the reservoirs. 
By this simple combination considerable labour is saved, while 
waste and causes of fire are avoided. Another special arrange- 
ment provides for the avoidance of the odorous emanations 
which would otherwise be produced while the pitch is being 
decolorized in the basins. This arrangement permits of dis- 
tributing daily in the pits, and at a distance of more than 100 
metres, without production of unpleasant vapours, a quantity of 
more than 180 tons of pitch. Lastly, in the work of prolonged 
distillation of tar in order to produce anthracene, an agitator 
apparatus of special arrangement has been fitted to the boilers, 
which is kept in action throughout the process. In this way 


is 














the amount of deposit which forms at the bottom of the boilers 
is largely reduced. Jron, No. 90, p. 425. 


Dobereiner’s Lamp.—GRUEL states that many pre- 
cautions are necessary in constructing and using this lamp, to 
avoid the likelihood of the instrument becoming useless from 
the imperfect action of the platinum sponge : this must be made 
from chemically pure platinum, and pure hydrogen must be 
generated, z.e. pure zinc and sulphuric acid only must be used. 
Ordinary brazier’s spelter is not pure enough, solder and anti- 
monial substances often adhering to it ; lead also is objectionable, 
as the zinc thus becomes coated with a spongy mass which 
retains the acid and wastes the zinc uselessly. It is of advan- 
tage that the gas should pass out of a fine orifice under some 
pressure ; the orifice should be cleared when necessary with a 
fine needle from behind; the stream of gas must not be so strong 
as to pass over and beyond the platinum, otherwise the latter 
becomes injured through the too great intensity of the heat. 
Chem. Centralbl. 1874, 119. 


Decolorization and Distillation of Fatty Acids.— 
DE PUYDT patents the use of a partial vacuum in effecting this 
object; many advantages are -thereby gained. Bu//. Soc. 
Chim. Paris, xxit, 258. 


Test for the purity of Lubricating Oils.—The usual 
adulterants of lubricating oils are paraffin oils, and the oils 
obtained in coal-distilling. Their presence is easily decided 
by their smell, and often also by their colour. But of late a 
somewhat finer quality of coal-oil is said to be sent out from 
Scotland, which is entirely free from the specific odour, taste, 
and colour of coal oil, and which possesses also a specific gravity 
equal to that of colza oil. To decide in this case whether a sample 
of lubricating oil is pure or not, it is necessary to saponify it, 
and to extract the soap with ether ; any coal-oil present goes 
into solution, from which it is easily separated by distillation at 
alowtemperature. Déingler’s Polyt. Fournal, ccvit. 263. 


Fire-Lighters.—J. WADSWORTH patents the use of hot 
moulds, wherein the materials used are pressed into suitable 
forms. The heating of such moulds is effected by steam jackets 
or gas. The materials used are spent dye-wood, sawdust, dried 
peat, or cotton seed ; but any refuse may be used which con- 
tains combustible matter. These are mixed with creosote, resin, 
coal-tar, coal-tar crystals, or powdered mineral or vegetable 
pitch, or combinations thereof. The form of fire-lighter pre- 
ferred is cylindrical with a cored-out interior somewhat conical. 
It is also preferred to dip the same in melted resin or pitch 
before use. 


New Matches.—R. EScAcH patents the preparation of 
matches which are not explosive and not hygroscopic. After 
impregnating the wood with some fatty substance, the heads 
are dipped in an inflammable mixture, consisting of :— 

Phosphorus . ° ‘ ° : oe . 


Gum ° ° ° ° . ° ° 7 
Lead nitrate . ‘ e s ° . 2 
Glass powder . . , . . lhe 
Water “ s ° ° ° . © 


Dinglers Polyt. Fournal, ccvit. 431. 


Water-Vapour as a Fire-Extinguisher.—WEIDEN- 
BUSCH discusses the superiority of water vapour over all kinds 
of gases, as carbonic acid, sulphurous acid, &c., for the purposes 
of fire extinguishing. This agent would be of special advan- 
tage where oils, resins, and other substances rich in carbon are 
on fire ; since a small admixture of steam with the air, in which 
the above-named substances burn, would deprive it of its power 
of supporting combustion. 

[Note by Abstractor.—The last assertion is somewhat strange, 
considering the general experience that oils, resins, &c., on fire 
are extremely difficult to extinguish with water (or its vapour) 
since the latter is decomposed by the excessive heat.—R.G.] 
Dinglers Polyt. Fourn., ccvit. 78. 


Deposits in Boiler Tubes.—S. D. HAvEs states that 
great damage is often done to small boiler tubes by the forma- 
tion of deposits of sooty matter containing pyroligneous acid 
developed by the imperfect combustion of wood used to light 
the fires with, and of deposits containing sulphur acids, together 
with fine ashes, the latter being brought in by the cleansing or 
shaking of the grates soon after fresh charges of coal have been 
added. Fires under tubular boilers should be managed with 
more care than is usually bestowed on them ; the fuel should 
never be used in large charges at a time, but the fires should be 
frequently renewed with smaller charges, and the grates should 
be cleaned only when the fires are bright on top. Chemica/ 
News, xxX. 153. 
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§ 6. Miscellaneous. 


On the Colours of Bricks.—S£EGER has studied the 
influence of various constituents of clay upon the colour the 
bricks exhibit after burning. A brick manufactured in the 
neighbourhood of Stralsund exhibited on its surface a dark red 
colour, while the interior was yellowish white. The outer coat- 
ing, of about 5 mm. thickness, and the inner portions were ex- 
amined with the following results :— 


Inner 
portion. 


71°25 
8°60 
5°92 
9°24 
1°89 


Outer 
coating. 

«. Gays 
981 
5°16 
8°72 


2°20 


Silica . 
Alumina ° 
Oxide of iron 
Lime . : 
Magnesia 
Sulphuric acid 8°49 o'6I 
Manganese . . ‘ . traces. traces. 
Chlorine . ‘ ‘ ‘ . 0s do. 
Alkalies and loss . 1°90 2°49 
100°00 ~=—-100°00 
A still more characteristic difference in the composition of the 
outer and the inner part of a brick is shown by the following 
analysis of a specimen manufactured in Szegedin (Hungary). 
The exterior was of a dark purple-red colour, which reached to 
a depth of about 10 mm. ; the interior was brimstone coloured, 
very porous and light. 
Outer Interior. 
portion. 
56°07 
14'02 
5°49 
16°53 
4°50 
0°74 
2°66 
0°39 
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Alumina 

Oxide of iron 
Lime ‘ 
Magnesia . ° 
Sulphuric acid 
Alkalies and loss . 
Water , “ . 
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100'00 =: 10000 
There is hardly any doubt that this large amount of sulphuric 
acid in the outer portion is derived from the gases of combus- 
tion, which, when coals are employed, will often contain con- 
siderable quantities of sulphur compounds. Dingler’s Polyt. 
Fournal, ccvit. 378. 


Firebricks.—ABEL gives the following analyses of various 
kinds of bricks in use at the Royal Arsenal at Woolwich. 


Description of Firebrick. Silica, Alumina 


Iron perox- Alkalies, 
| ide. | Loss, &c, 
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Fire-clay derives its valuable properties from the presence in 
combination of two special constituents—silica and alumina— 
of which the former predominates, forming, in the majority of 
instances, about two-thirds of the whole ; and its quality is 
enhanced in proportion to the absence of other constituents, 
the alkalies especially, which diminish its refractory power. Of 
these deteriorating elements peroxide of iron is the most detri- 
mental, and indeed may be regarded as the chief cause of the 
wear and waste under heat of fire-bricks, &c. The district 
around Stourbridge has hitherto been most noted for the pro- 
duction of fire-clay goods ; Newcastle also, and Dinas, with one 
or two other minor sources, have contributed to the supply. 
The lastnamed, Dinas fire bricks, are considered the best, 
mainly owing to the small percentage of peroxide of iron, 
namely, as little as 3-10ths per cent. ; but partly to the presence 
in excess of silica, which is about 96 per cent. 

In Cornwall, some new deposits of fire-clay have been found 
adjacent to the line of the Redruth and Devoran Mineral 
Railway, and with water carriage easily accessible. They are 
close to the surface, forming two considerable hills, in depth 
measurable, not by feet dnly, but by tens or hundreds of feet, 
and can be “ got” or “ won” without need of mining or pumping 
operations. The clay is remarkably fine and free working in its 





nature, rendering it easy of manipulation and treatment. 
composition is as follows : 


Suica . ‘ R : 
Alumina . : ‘ ‘ 
Iron . " ‘ ‘ s 
Moisture and combined water 
Lime . ‘ ; P ° 
Magnesia . : . . 
Alkalies ‘. ‘ ° 


67°51 per cent. 
24°97» 
a trace. 
6Us 
a slight trace. 
0°64 per cent. 
ogo _—» 


100°00 


Fire-bricks made therefrom possess all the characteristics and 
qualifications for such uses ; they have been tested in blast and 
other smelting-furnaces, and found to possess powers of resist- 
ance and endurance under great heat in a very remarkable 
degree. The great freedom from iron probably conduces largely 
to this result. Jvon, No. 87, 331. 


Artificial Cement. — CARRIERE prepares an excellent 
cement at a low price, by strongly heating in special furnaces a 
mixture of highly argillaceous limestone and hydraulic lime. 
Bull. Soc. Chim. Paris, xxit. 237. 


Egyptian Mortar.—V. WALLACE gives the following ana- 
lysis of the mortar from the pyramid of Cheops, showing that 
a kind of plaster of Paris was the chief ingredient : 


Hydrated sulphate of lime 
Carbonate of lime . ° 
Carbonate of magnesia 
Alumina and ferric oxide. 
Silica 

Moisture 


Dingler’s Polyt. Fournal, ccx. 75. 


Asbestos.—T. Hyatt patents the use of asbestos for the 
manufacture of a kind of chenille for packing steam boilers, &c., 
and for preparing analogous substances by attaching the asbestos 
to any suitable backing by wire or other stitching, or by cement 
like jute carpets, or like bristles in the back of a brush, or by 
means of rubber, cement, or anti-friction metal backings. A 
core of cotton, hemp, or other cheap fibre may be introduced into 
the centre of ropes, cakes, or blocks of prepared asbestos, so as 
to economise the latter. Wadding or batting of teazed and 
carded asbestos, coated with any suitable glaze or skin, may be 
made, or the asbestos can be combined with earthy matter, or 
with any animal or vegetable fibre, dissolved or not in 
copperized ammonia, and applied in a plastic state to the manu- 
facture of various articles. Chemical News, xxx. 146. 


Colouring Glass with Gold.—Payarp points out that 
the tints produced in glass by gold depend on the temperature 
to which the glass is exposed, and to a certain extent also on the 
nature of the material of which the mold is made. Low tem- 
peratures give a bluish colour, but this can, on renewed heating, 
be brought to splendid crimson. Déngler’s Polyt. Fournal, ccx. 
476. 


Paper Pulp.—Noap, MARTIN, and PARNELL patent the fol- 
lowing process for the preparation of paper pulp from saw- 
dust, &c. :— 

The wood is sawn up obliquely to the direction of the fibres, 
and then boiled for four hours with chlorine water in a specially 
constructed apparatus. The resulting fibres are then placed in 
a vessel with an agitator, along with bleaching powder solution, 
or Javelle water. The whole is warmed to facilitate the soften- 
ing and bleaching process ; and finally the fibres are converted 
into paper pulp in the usual way, after having been well washed 
and drained. Bull, Soc. Chim. Paris, xxit. 237. 


Photostereotypy.—F. Fink proceeds in the following 
manner :—A glass plate, larger than the desired picture, 1s 
coated in the dark room with a solution of 1 oz. of potassium 
bichromate and 2 oz. of gelatine in 15 0z. of water, the solution 
having previously been filtered hot throughlinen. A diapositive 
is taken from a negative, and put with the collodion side to the 
gelatine face of the prepared plate in diffused light for 10 to 30 
minutes. The plate is then taken from the frame in the dark 
room, and washed with water till the relief is well developed. The 
plate is then dried with blotting paper, and coated with glycerine 
by means of a camel-hair pencil. -A cast is made from this 
plate in plaster of Paris, and from this cast a metal one may be 
taken. Diéngler’s Polyt. Fournal, ccxi, 318. 
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Printing Photographs without a Press. —R. 
JACOBSON prepares a carbon picture on glass in the customary 
manner, and surrounds the glass plate with exactly fitting wooden 
frames. A warm mixture of 1 part gelatine, 1 gum arabic, and 
2 glycerine is then poured over the picture. After solidification 
the frame is removed, and the gelatine plate, which has taken 
up the carbon picture, is turned over. - Good ordinary printing 
ink, dissolved in oil of turpentine or benzol, is poured on the 
plate and spread on it by a glass roller. The plate is then 
covered with a non-coagulated albuminized paper, and taken off 
after a short time. There is no need of moistening the plate, as 
it is moist enough to furnish a dozen pictures. When exhausted 
it is only necessary to allow it to absorb moisture, which it does 
in a few hours, and the printing may be continued. 

This method has the advantage of giving the print in relief, 
and it allows the printing on cylindrical and other curved sur- 
faces, as flasks, vases, &c. Chem. Centralbl. 1873, 761. 


New Galvanic Battery.—The EAaAsTERN RAILWway 
Co. (France) patent the use of the following battery: —A 
series of superposed vessels of cast-iron, iron, zinc, lead, or 
other metal attacked by the exciting liquid is arranged 
so that each vessel is attached to a carbon cylinder fixed 
externally beneath the vessel so as to dip into the vessel 
next below. The carbon cylinders are connected to the metal 
vessels by leaden collars, whilst the metal vessels are insulated 
from one another by a layer of mastic or an india-rubber washer 
so arranged as to close the vessel hermetically. The exciting 
liquid used is a solution of ferric chloride. uli. Soc. Chim. 
Paris, xxtt, 237. 


An Improved Mercury Air-pump.—D. MENDE- 
LEJEFF removes the air by lifting and lowering a vessel contain- 
ing mercury. A reservoir of 100 to 250 cc. capacity is provided 
at its top with a narrow tube, which turns downwards and dips 
into mercury. The lower portion of this reservoir is connected 
with a wider tube, which has a narrow upright tube projecting 
near the reservoir. The lower ends of the wider tubes commu- 
nicate by means of an indiarubber tubing with an open vessel of 
mercury. “The four tubes enumerated must be longer than 
barometer-tubes. In order to use the apparatus, the upright 
tube issuing from the wider glass tube is connected with the 
vessel from which the air is to be removed, and also with the 
manometer. On lifting the mercury reservoir, the mercury passes 
into the upright tube, and into the reservoir, from which the air 
is expelled through the tube passing downwards. By lowering 
again the mercury reservoir, the mercury in the upright tube 
falls, connecting the other tube, which is directed downwards 
into a barometer. A vacuum is now produced in the reser- 
voir into which the air from the vessel which is to be ex- 
hausted, passes, for the small tube opens into the wide one, 
and its mouth is uncovered by lowering the vessel of mercury. 
The advantage of this apparatus is said to be its rapidity of 
working. Ber. Deut. Chem. Ges. vit. 731. 


Regular Motion in Clockwork.—J. HOPKINSON has, 
in order to secure perfectly regular motion, recently introduced 
a centrifugal governor in the clockwork which drives the re- 
volving dioptric apparatus made by Chance Bros. and Co., 
and he believes that it might perhaps also be useful for the 
clocks of equatorials. Though it involves nothing new in 
principle, the form differs from any like construction, in that the 
governor balls have to lift a heavy weight, and that the leather 
rubbers or brushes are not carried by the revolving balls, but 
are fixed to the frame of the clock and rub against the disc 
which forms the extra weight lifted by the balls. The governor 
in use on the clock of the apparatus of Cape Bon, Tunis (which 
apparatus is quite similar to that now on view at the Inter- 
national Exhibition, South Kensington), consists of a shaft 
making 170 revolutions per minute, to which the balls are hung, 
and on which a disc, guided by a feather key, can slide. When 
the clock is below speed the disc rests upon a collar fixed on the 
shaft, the pull exerted. by the balls through links being insuffi- 
Cient to raise it; but as soon as the proper speed is attained, 
the disc rises and comes in contact with two screws, which are 
tipped with leather and fixed to the frame of the clock. Spaces 
are cut out of the disc to admit the balls, avoiding unnecessary 
height. A screw serves as a brake to stop the clock at pleasure. 
Nature, No. 258, p. 459. 


Cutting of India-rubber Stoppers.—W. F. DonKIN 
recommends to moisten the instrument with solution of caustic 
potash. Dingler’s Polytech. Fournal, ccvit. 244. 

x eae with alcohol is equally, if not more, effective.— 


Manufacture of Methylic Ether.—TELLIER employs 
is agent as a volatile liquid in artificial ice machines, and pre- 








pares it as follows. Methylic alcohol of at least go per cent. is 
poured into strong sulphuric acid, the whole being well agitated. 
Care must be taken not to reverse this operation and pour the 
acid into the alcohol, otherwise the acid sinks to the bottom of 
the vessel, and acts explosively on the alcohol. The mixture 
(which should have a sp. gr. of 34° at the ordinary tem- 
perature) is heated to a temperature of not above 125° to 128°, 
‘and the vapours evolved are passed through an alkaline solution 
to remove sulphurous and carbonic acids, and are then pumped 
into a companion vessel, where they are liquefied. When suffi- 
cient has been obtained, the vessel is charged. 

The same acid serves indefinitely ; the temperature of 125° 
being attained, the whole is maintained at this temperature till 
all the methylic ether has passed off; alcohol is then pumped 
in until the original density is restored, and the operation pro- 
ceeded with afresh. 

The following pressures (in atmospheres?) are exerted by the 
vapour of this substance :— 


Temperature. Pressure. 
al 76 
44 8-2 
47 8°75 
63 14°5 
72 17°5 


Bull. Soc. Chim., Paris, xxii., 226 ; from Fournal de Pharmacie 
et de Chimie, [4] xix. 438. 

ERLENNEYER and KRIECHBAUMER state that when the 
mixture recommended by Dumas and Peligot, viz.— 


Methylic alcohol I part 
Sulphuricacid .  . Ses 


”? 
is employed, only 27 
to 70 per cent. may 
proportions. 


r cent. of ether is obtained, whereas 57 
e obtained by suitably modifying these 
The following answer well :— 


Methylic alcohol ° . 13 parts 


Sulphuric acid . ° ° on 


The mixture is gradually heated to 140°, the ether beginning to 
distil at 110°. Sulphuric acid can dissolve 600 times its bulk of 
methylic ether vapour, forming a stable liquid easily transported. 
When required for ice-making, an equal bulk of water is slowly 
poured in, when the vapour is disengaged regularly, and can be 
led off to proper receptacles. Bull. Soc. Chim. Paris, xxii. 427, 
Srom Berichte der Deut, Chem, Ges. vit. 699. 


Petrified Wood.—W. Honces states that the water of 
Lough Neagh, which possesses petrifying powers, does not owe 
them to the presence of iron, but rather to that of silica. Paper 
read before the British Association. 


Artificial Decolorizing Charcoal.—M. MELSENs im- 
pregnates woody matters with a solution of phosphate of lime in 
hydrochloric acid, using for the purpose the purest coprolites. 
On ignition a phosphatic mass is produced, containing carbon 
spread over a kind of mineral skeleton like animal charcoal. It 
is difficult to obtain products of sufficient density and mineral 
richness, and free from foreign salts. Chloride of calcium, if 
present from the use of impure phosphates, is dissolved out by 
washing with water. Comptes Rendus, No.6, 1874. 


Recovery of Iron used in the Manufacture of Ani- 
line.— G. J. HYNDE patents an improvement which consists 
in restoring to its original condition the finely divided metallic 
iron which has been oxidized in the manufacture of aniline 
dyes and which is a waste product, so that the metallic iron can 
be used over and over again in the manufacture of aniline dyes, 
or for other purposes. To effect this object the waste product 
is heated to a red heat in admixture with charcoal or other car- 
bonaceous matter so as to reduce the oxide to the metallic state. 
After the mixture has cooled the iron is separated from the un- 
consumed carbon by screening. Or, instead of solid carbon, 
carbonic oxide, or hydrogen, or coal gas in conjunction with 
heat may be employed. 


Bleaching Animal Glue.—A. MuzzARELLI adds to fine 
white glue prepared from rabbit skins for dressing white 
tissues, a small quantity of sulphate of soda and well mixes ; 
acetate of lead is then added, whereby a precipitate of sulphate 
of lead is occasioned ; the resulting jelly is thus blanched, and, 
after cooling, is cut up and dried asusual, Chemical News, xxx. 
158. 


Test for Dextrine in Gum Arabic.—Ifa concentrated 
solution of perchloride of iron be poured on a mixture of dextrine 
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and gum Arabic, the latter adheres to the bottom of the vessel 
whilst the former remains loose. Reimann’s Farberzeitung, No. 


30, 1874. 


Nitric Ethers.—P. CHAMPION finds that nitric ethers are 
readily produced by adding a mixture of the alcohol and 
sulphuric acid to the following mixture :— 


Sulphuric acid. ‘ ° ° . 
Fuming nitric acid . ° ; . 


2 parts. 
I part. 


Solid alcohols must previously be finely divided, which is readily 
accomplished by evaporating at a low temperature their alco- 
holic solutions. The author descsibes the nitrates of methyl, 
ethyl, trityl, amyl, hexyl, ceryl, myricyl, ethylene, glycerine, 
erythrite, mannite, dulcite, &c. Comptes Rendus, lxxviit. 1,150. 


PAPER MAKING. 


JAPER has been used ever since mankind acquired 

the art of writing, and its history takes us back 

to the most obscure remoteness. The im- 

perishable monuments whereon are engraven 

the story of dynasties, and laws, and ages, are 

preserved to us, being of granite ; but the material 

used for the ordinary communications of a rude society is only 

known to us through tradition, or by scattered notes in ancient 

books. In this western world we trace it to Egypt, and there 

we know its manufacture was the staple of many an inland 

town, whence it was exported to Europe. So considerable was 

it that one Firmus, a leader of rebellion, boasted that he had 

seized enough size and paper to maintain an army. The best 

quality was ultimately taken to Rome to be finished, the factory 

remaining where was the material, the labour, the water, and 

the machinery—in Egypt. They made three or more sorts. 

One, hieratica, for religious purposes only; one, for general 

business ; and the common for shop-work. The Romans dis- 

covered a method of extracting the ink from Azeratica, and 

using the paper again, and this was for a long time a profitable 
secret. These were, of course, vegetable papers. 

The introduction of cotton paper is likewise very obscure. 
Rome had some of it, and in Eastern Asia it was made. Most 
probably the Arabs in their journeys acquired the mystery, and 
took it home, and from thence into Spain, where was a factory, 
which ultimately came into the hands of the Christians, who 
developed and improved thereon. The date of this must have 
been about the time of the Conquest. The bulls of the anti- 
popes Romanus and Formosus are said to have been written on 
a paper made of cotton and seaweed. 

But paper had been made in China and Japan always, and 
as our age has returned to the use of vegetable fibres for paper- 
making, and will probably do so more and more, it is well to 
note the process. In the essential qualities they excel us in 
this art, which they have practised quite as far back as the 
Christian era. Every province has its peculiar description. 
That made of hemp or linen-rag in Se-tchven ; of the inner 
bark of the mulberry in the north ; of the skin of the silkworm 
web in Kiang-nau ; of the bark of the elm in another; of rice 
and straw in some, and in Hu-quang the trecher or ko-chu 
supplies the materials. 

Kempfer, secretary to the Swedish embassy, wrote a history 
of Japan in MSS. in High Dutch in 1690-2, which was trans- 
lated into English, and published by Schenferin 1727. In the 
appendix, he gives “a short but clear and full account of the 
way of making paper in use among the Japanese—chiefly for 
the instruction and satisfaction of those who would be willing 
to try the same experiment upon some barks of our European 
trees.” This we will abridge. 

Every year at the fall of the leaf the young fat shoots of the 
Morus papyrifera sativa are cut off into 3 ft. lengths and fag- 
gotted. These faggots are tied together and placed upright into 
a large covered kettle and boiled till the bark is loosened. The 
Sticks are then exposed to the air till cold, when, by splitting, 
the bark is taken and the wood thrown away. After being dried 
it is stored, and when wanted is soaked in water for three or 
four hours till soft, the black and green coverings are scraped 
off, and the year-old part is stripped from that of the current 
year, and is used for best paper—the younger for coarse pur- 
poses. This is boiled ir clear lye and kept stirred (the loss by 
evaporation being supplied by fresh lye)—until the whole is dis- 
solved and separated into fibres. It is then washed carefully. 
Over washing will make it whiter but greasy ; insufficient, the 








paper will be strong but coarse. It is done in a river; the 
stuff is in a sieve and is stirred by hands and arms until it is soft 
as down. The finer kinds are washed again in linen, not a sieve, 
This matter is then placed on a table and beaten with sticks 
until it is like pulp, which, put into water, will dissolve like 
meal. 

The bark thus prepared is put in a tub with an infusion of 
rice and of orenz root, likewise mucous and slimy, and all 
stirred. The leaves (or sheets) are made by taking a quantity 
and pouring it over a pattern made of bulrushes, not brass wire 
as we use, and dried. Between the sheets a reed is put, and 
the heaps are covered with a piece of wood and small weights 
placed on the top ; these are increased as the paper dries. The 
next day the weights are removed, and the sheets laid out 
separately and placed in the sun to dry, when they are gathered 
up, the edges trimmed, and put by ready for sale. 

The method adopted in China for converting bamboo into 
paper is practically the same. The same gathering, boiling, 
beating, drying, &c., only that it appears to be ruder in that 
they put the material into a dry ditch, cover it up with lime and 
a cloth, and put water on. For strength, there is nothing known 
to equal the Japanese paper. It is soft as leather ; indeed, it is 
used, after colouring, for ladies’ reticule bags, and wears better 
than the paltry sorts of leather. This production is strong 
enough for rope, and in Japan the house furniture in curtains 
and the like is made from it. 

Cotton-paper was, however, too soft and flimsy and perish- 
ing for permanent documents, and parchment too troublesome 
and costly. The invention of making paper from linen rag, 
whose pedigree, Bagford says, is the dynghill, was a most oppor- 
tune preparative to the introduction of printing, which it pre- 
ceded by a little more than a century. Hakewell, in his “ God’s 
good Government of the World,” names it as of the time of 
Richard II. There was, and probably is, in the White Tower, 
some specimens of mixed cotton and rag of 1279, and in Italy, 
the old Aldus printed some of his books of that mixed material, 
whilst Beaumont declares there were several MSS. in the libraries 
of Bohemia “wrote in the year 1340.” Bagford saw Sir Jno. 
Mandeville’s travels “ wrot on paper in ye year 1366.” In 1470 
two brothers “ migrated from Gallicia in Spain, and learned them 
of Amsterdam that art which was the reason of setting up so 
many great Imprimeries' in and about the year 1478.” The 
sameold chronicler tells us of the inventory of Henry, prior of 
Christ Church, which he saw at Canterbury, and is on paper 
dated 1345, and adds, “ this we are assured of, that the making 
of Paper of Rags was much about the middle of the reign of 
our Edward the third, and very much used in Richard the 
second’s days.? To conclude, it spread itself in all parts of 
Europe, and we received it here in England in the days of Henry 
the seventh.” * 

The first mill we have positive evidence of in England, js in the 
time of Henry VII., 1495, put up by John Tate jun., at Stevenage, 
which the king visited, as may be seen in his book of Household 
Charges for going thither, and for presents upon the occasion. 
Among his customers was Wynkyn de Worde, who was a suc- 
cessor and co-worker with Caxton, and had a printing-office in 
Fleet Street. In a stanza of the “ Poeme to Bartholomeus,” &c., 
is the following curious memorial of our first paper-maker :— 


“ And John Tate the yonger, Joye mote him broke 
Which late hath in England doo make his paper thynne 
That now in our English, this boke is prynted inne.” * 


We do not know what Chambers and other cyclopzedists call 
evidence of the existence of a paper-mill prior to the Dartford 
one; but there is, in further proof, Tate’s will, dated Oct. roth, 
1507, proved by Elizabeth, his relict and sole executrix. ... + 
“tem. 1 bequeath to Thomas Bolle of Hartford if he will take 
it upon his conscience, as much white paper as shall extend to 
the sum of twenty six shillings and eight pence sterling as ready 
money. He to receive it out of my paper mill at Hartford. Jéem. 
I do will that the Exors. do sell my Paper Mills with all goods, 
pastures, meadows to the most advantage.” 

But paper-mills were not prosperous financially. In the first 
place, there was severe competition from the Dutch and others, 
who had long practised it, and bad parcels were thrown on the 
makers’ hands ; there was also little knowledge of chemistry and 
great dearth of capital for industrial enterprise. Spilman, Queen 
Elizabeth’s jeweller, a German, saw this latter fact, and set up 
that at Dartford in 1588, but it was not the first, as some sup- 
pose. His friend Churchyard sings :— 





1 Printing-offices. 

? Harleian MSS. 5910. 710. 

3 This is in reference to its home manufacture. 
* Fenn’s Letters, vol. I. xx. 


























Fig. 1— RAG CUTTER. Fig. 3.— RAG BOILER. 














Fig. 6.—PULP REGULATOR. 


Fig. 4.—RAG ENGINE. 
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Fig. 5—PAPER MAKING MACHINE. 
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* One Zhirlby went Embassador farre from hence 
To Charles the Fift an emperor of great fame 
And, at return, did bring with him, from thence 
A learned man, Remegius by name 
Who Tiiriby lovde, re 9 made by his devise, 
A Paper-mill but not so much in price, 
As this that now neere Darthford standeth well 
Where Spillman may himself and houshold dwell. 
Well, this is he that first heere profit brought 
First triall made of things not heere well knowne 
* mn & ” * 
A. doubtful work that others erst begun 
Who spent thereon more wealth than well they won,” &c. 


He soon had rivals, and the queen’s death deprived him of his 
patron. She had, however, granted him a patent “ That he only, 
and no others, should buy linen rags, and make paper.” Spil- 
man, on the accession of James, took occasion to make of him 
a friend, and succeeded. The fussy monarch came at his invi- 
tation to Dartford, inspected his mill, and then and there, on 
the 25th May, 1605, dubbed him knight. He acquired land, 
grew rich, and finally set up eight mills in the county of Kent. 

But these mills were all for making paper pulp only, and were 
driven by water in England and by wind in Holland. The ob- 
ject being merely to— 


“ Make rotten ragges to yeelde a thickned froth,” 


which was only the application of machinery to the ancient idea 
of pounding the stuff by hand in wooden mortars. 

This was hard work and noisy, but when paper-mills super- 
seded the hand method, no doubt the historian might say :— 


“ The hammers thump and make as lowde a noyse 
As fuller doth that beats his woollen cloth.” 


We have not space to describe the primitive mill-hammering 
which superseded that of the hand-mortar. It is now superseded 
by the splendid elaborations of machine power, that are in part 














FIG. 2.—RAG DUSTER. 


familiar to thousands of visitors to the National Exhibitions of 
England or the Continent, and are the product of the present 
century. 

Those which have to do with the material are common to both 
forms of paper-making, that by hand and that by machine, for 
both require the preparation of pulp, and there is no distinction, 
on that ground, in the quality or production. 

Rags are now sold to the mills ready sorted: the English into 
fines, seconds, thirds, colours, rope and bagging, handstuff, &c. ; 
the foreign in a similar gradation expressed by initial letters 
according to the language of the exporting country. S.P.F., 
F.L.X., F.F., &c., are Hamburg terms, and Memel, Leghorn, and 
other ports have the like custom. The sorting has gradually 
become so correct as to require little mill overlooking. In former 
times this was all done at the mill, and it employed many women ; 
but the demand for paper is now too great for such labour to 
effect. The cutting was also by hand-labour ; now it is done by 
a machine (fig. 1) at the rate of 8 or 10 cwt. in the hour; and 
thus large parcels, of qualities suitable for various papers, are 
always ready. The mode of operation is as follows :— 

The rags, ropes or waste to be cut are placed in the feeding 
trough, and thrust forward by the attendant until they are 
brought under a strong leather endless band, passing over 
grooved wooden drums, and under a series of grooved rollers, 
and an intermittent motion is given by pawls acting on ratchet 
wheels. The cutting is effected by one knife of 9in. width of 
blade, extending transversely the whole width of the trough, and 
three narrower knives at right angles to it, all fixed toa crosshead. 
Thus the materials are cut both ways, and the adjustment is 
easily regulated by screws, making all four edges level. The 
cross-head is coupled by a pair of side rods to a crank-shaft be- 
neath, carrying a spur-wheel geared into by a pinion on the 





shaft, which carries the belt pulleys, and is provided with a 
heavy fly wheel. Some have used rotary and other cutters, but 
these are greatly preferred. 

After cutting, the material is placed in a dusting machine, 
(fig. 2), composed of a wire cylinder with revolving shaft : the 
rags are inserted at the top, and soon emerge thoroughly shaken 
and purified from the dust extracted or produced by the cutting 
process. It isa simple contrivance, explaining itself. 

At this stage the more serious transformation of material is 
commenced by boiling it in a strong alkaline ley, made of soda 
and lime, or sometimes of lime only, varying in power according 
to the quality and the quantity of the colouring matter to be de- 
stroyed. This is now effected in the best manner by the Spherical 
Rotary Rag Boiler (fig. 3), as preferable to the cylindrical de- 
scribed in all treatises on this subject. It possesses the advantage 
of double strength, which renders it perfectly safe, durable and 
suitable for high-pressure steam, and it has a further advantage 
in allowing the rags to fall out by themselves, when the boiler is 
revolving with the cover off. Of course in the inside are strainers 
to take off the dirt, and lifters to keep the contents in agitation. 
Messrs. Donkin & Co. made a great advance in inventing the 
cylindrical ; but greater, in this their newest boiler. It contains 
about 13 tons, and does its work in from 5 to 8 hours. 

If all has proceeded satisfactorily, the tearing and pulping is 
commenced at once, by a machine that will prepare 13 or 14 tons 
of stuff per week, instead of doing, as in the old time, half a ton 
a week. The principle of these rag engines is the same, but 
gradually great improvements in detail have been made. It is 
an elliptical vessel made of iron, and is divided by a partition. 
The length is about 1oft., and width 4 ft. 6in., and it contains 
about I to 2 cwts., according to the stuff. A mill has several of 
these in the engine-house. Our engraving (fig. 4) shows the 
method of working. This most essential contrivance has 
engaged the ingenuity of machinists without in any essential 
particular departing from its first principle, with this difference, 
that it is now made of iron when formerly it was wood. It is 
elliptical when formerly the ellipsis was enclosed in a cumbrous 
box. As Messrs. Donkin and Co. were the early paper-making 
machinists, and the makers of the first paper-making machines, 
we have, to avoid jealousies, taken our illustrations from their 
works, they having in all the details kept fully abreast of all 
rivals since their house was established. 

At.the bottom of that part of the engine containing the roller 
is a horizontal frame upon which is fixed a number of vertical 
plates. The rags, &c., are introduced at one end, and are com- 
pelled to take a slanting direction which draws the material 
between the revolving roller and the plates, crushing and mace- 
rating and pulping in its great velocity. The stuff is driven on 
through the water on the other side and back again under the 
roller until the mass is literally made into a paste. There is 
a contrivance in the machinery for introducing clean and with- 
drawing foul water without any interruption of this process. 

When enough of this has been done the paper stuff is taken to 
another engine of the same construction, and chloride of lime, 
or what is technically named “bleach” (for other ingredients 
are used according to the skill of the maker and the nature of the 
material), is added in proper quantities, and this macerating 
process is resumed. Here too, the chemicals which produce 
“toned” papers of any shade are added, and if colours proper 
are required they can be here incorporated. Our forefathers 
troubled themselves nothing with this modernism ; they were 
content with the action of lime. Bleach was invented in 1794 by 
Cunningham, and for the purpose of using material hitherto 
unemployed in the art—“ greys and ropes”—for producing tea 
paper; and for enabling the maker to use his “thirds” for 
“seconds,” and his “seconds” for “ fines.” He prescribed 1 
part pearl-ash, 9 parts lime, to 40 parts water, and the process 
is in his specification. We have bettered the instruction with 
a vengeance, for we can tone, or blue, or pink rubbish with 
success. Half our papers will lose their colour in a year, and 
will perish in 50 years. However, we have nothing to do with 
that. Good rags require no bleaching beyond lime, but good 
rags are scarce and expensive ; and our fibres, on which we 
shall have to speak hereafter, and on which we depend so much, 
must be bleached very scientifically.’ , 

The pulping and bleaching being perfected, the result is 
drawn off into stuff-boxes—receptacles constructed to contain 





! Messrs. Donkin add to their engine another piece for sharpening 
the roller-bars without removing the roll from its usual position, and the 
method gives uniformity of shape to the bars, and dresses them at less 
expense of time, and more perfectly than hand-chipping. The addition 
4 optional. It makes a separate machine when combined with the bar- 
sharpener. ’ : 

+ some Tidcombe of Watford make a more comprehensive engine 
in that the beating, washing, pulping and bleaching are in one engine. 
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large quantities of paper material of different qualities, as stock 
to be used from as occasion may require. The water drains off 
to be used again, and the mass becomes solid enough to dig 
from. 
Before describing the modern process of converting fibres 
into paper-pulp, it seems best to refer to that of hand paper- 
making ; because our best rough drawing and writing papers 
are all made by hand, and are entirely of.rag-pulp. Several 
stone vats, about 6 ft. square and 4 ft. deep, are fitted up with an 
agitating wheel running through the whole length to keep the 
fibre equally diffused in the water; and the va¢man takes up a 
simple frame of the size of the sheet intended, having a wire 
bottom made either of fine wires with others across them, as is 
seen in laid papers, or devices or names, as in bank notes, or 
wire-cloth showing no marks, as in wove; on this he places a 
deckle, which is another frame an inch deep, and dexterously 
dips it slantingly into the stuff until he gets it horizontal and full; 
he then withdraws it, shakes it to and fro to obtain an equal 
fabric and get rid of the water, with a turn of his thumb he 
pushes off the deckle, leaving the paper upon the mould and the 
deckle on his arm, and passes it along a ledge to his mate, who is 
called a coucher. He places it for a second on a curved stay to 
drain while he lays a piece of felt on wood of the size, and turns 
over the mould, leaving the paper on the felt and passes the 
mould back again. This process is repeated until 144 sheets (a 
post) are made and the parcel is put on a little railway to an 
hydraulic press, where the squeezing makes the paper able to 
bear its own weight ; the felts are removed, the sheets are piled 
together ; other “ posts” follow, and when enough are made the 
whole is put again under pressure, and the sheets are separated 
to prevent sticking. They are again pressed and parted, and in 
fine choice goods, again and again ; afterwards they are taken 
to the lofts, hung up by clips of five or six sheets upon hair lines, 
called ¢7zdd/es, and in about a day it is dry. But there is the sizing 
to follow before writing can be performed, and hence a pilgrimage 
to the sizing-house. Here a lot of “glue-pieces ”—refuse of 
skins from the tanners—has been cooked to a jelly in which has 
been dissolved alum. When used it is put into a boiler, diluted 
and heated with steam, from thence when very hot it flows by a 
spout—which has plenty of alum at the top of it to be dissolved 
in the passage—into a tub 4 or 5 ft. square, also made and kept 
hot by steam through a false bottom. The workman then takes 
five or six quires and dips it into the size, turning it in all direc- 
tions; he lets it remain suspended by pincers until every sheet has 
absorbed some. The sheets are then separated, made into 
another heap and pressed to remove superfluous size, and the 
edges are sponged with hot water to prevent sticking. After 
two days it is hung up where it can gradually dry. It is then 
taken to the finishing room, counted into quires,and packed 
into reams ready for delivery. 

But when the paper has to be glazed another machine or 
rather many machines have been invented. Formerly it was 
enough to press firmly for a day between glazed boards such as 
printers use ; but the high-glazed of our time, and the common 
material of our time, have rendered necessary the application of 
extraordinary pressure at high speed. We give Donkin’s 
Glazing Press for single sheets of paper as an illustration. In 
it both sides of the sheet are perfectly done : in the usual way 
copper or zinc sheets are used, between which the paper is 
inserted. The best paper looks grandly when so finished. It 
is a matter of taste whether the writer prefers rough or smooth, 
but the best hand-made papers highly-glazed at the mill are 
fine samples of English writings. Some drawing-papers demand 
extraordinary skill: a sheet of Antiquarian 53 in. x 31 in. 
requires two men, and good men too, to manage the frame 
and shaking ; and the couching requires two, and the sizing 
also. 

It was only so far back as the beginning of the present 
century that the paper-making machine was invented; and as 
our business is merely with the practical part, and therefore as 
the machine stands in our day, we can only briefly note its 
origin, and pass on to describe its operation :— 

The history of the paper-making machine would occupy an 
entire paper, although the invention dates only from the begin- 
ning of the century. It was invented by Didot, a Frenchman, 
patented by Gamble, who sold it to Fourdrinier.' This gentle- 





The principle is the same, and any new mill-owner must see for himself 
whether or no the simple duplication of engines for any extensive works 
is or is not an advantage. 

' Among many errors on this subject, Chambers’ Cyclopeedia detracts 
from Fourdrinier by quoting Bramah’s patent as prior to that of Mr. 
F., not discerning the fact that Didot treated with Gamble and Gamble 
with Fourdrinier concerning their machine, first patented by Didot 
years before, but could only have been produced by the capital of Mr. 
Fourdrinier, Bramah’s was never more heard of. 





man altered and brought it out under the engineering skill of 
Mr. John Donkin ; a few years afterwards Mr. John Dickenson 
employed the same machinist to effect improvements which he 
from time to time had patented : others, but most notably that 
firm themselves, have gone on perfecting it, and they have 
made 250 machines. We take our illustration, therefore, from 
their present one with the latest additions (fig. 5). This is not 
described in any book of reference. 

The stuff-chests at the right hand of the drawing receive the 
paper-stuff from the beaters as they complete its preparation, 
and vary both in the mode and material of construction accord- 
ing to the space or other reasons—sometimes they are of wood 
and sometimes of iron, cast or wrought. In the middle is an 
upright spindle, to which are fixed revolving agitators which pre- 
vent the stuff from settling. 

Between these and the knotters or strainers is now fixed a pulp 
regulator (fig. 6). This is an important matter to a paper-maker. 
When his chests are full, the weight forces the stuff out faster 
than when they are nearly empty, and the machine has to 
travel at a greater speed to prevent the paper being too thick. 
This is not scientiftc, and in the middle of the night (for paper- 
machines only stop on Sundays) is often neglected and entails 
loss and disappointment. This apparatus consists of a scoop- 
wheel of cast iron in a cast-iron case with a tank on each side, 
each fitted with float for letting in the proper proportion of pulp 
in one, and back water from the machine in the other. The pulp 
and water both flow properly mixed into the scoop case, and are 
then measured out and pumped into the machine. Ifthe speed of 
the machine varies, or the stuff would come too fast, it is by this 
machine regulated. 

The stuff begins to flow through a series of corrugations called 
a sand catcher, made of cast-iron, for the purpose of catching 
any dirt or grit that may be infused, and from these passes to 
the knotters or strainers, which are made with a cam move- 
ment and entirely of gun-metal. These are placed in cast iron 
boxes fitted with gun-metal plates, having fine slits in them 
through which the fine pulp passes ; two of them are placed 
side by side : from these the pulp passes to what is called the 
wire or wet part of the machine. The fibres begin to hang 
together as the mass flows on over an endless wire cloth, moving 
upon many small rollers, kept in constant vibration ; and from 
which falls the water, containing much pulp, into a chest below, 
and is the back-water mentioned before as having to return to 
the regulator for furtheruse. Modern experience has made this 
wire or wet part much longer than at the first, and improved the 
web or texture thereby. 

An observer would want to know how the edges are kept 
sound in this embryo situation, and it is a very important con- 
sideration to printer, reader and stationer. With the wove and 
laid hand-mades there was a deckle framing the mould ; and, on 
the machine, over this extended indefinite length, the same idea 
had to be incorporated ; hence the vibration, both in substance 
and in mechanics, must, for the sake of the edges and the sub- 
stance, keep even time with that of the machine. Well, this 
deckle arrangement is done with the aid of that conscientious 
substance india-rubber. Round and round, with thousands of 
holes, the wire-cloth travels from I a.m. on Monday to 2 p.m. 
on Saturday with its deckles and its shakings, and its receivings 
of pulp and its discharges of paper, minute by minute, in every 
stage and in every second, and fiftieth part of a second, making 
of opaque water the indispensable material whereon the love, 
sorrow, hates and history of floating time may be inscribed. 

By the time this shaking is completed the pulp, like a child in 
the use of its legs, is able to run alone. It is received, after the 
ordeal of the dandy roll (a very necessary part of the machine, 
made of cross-cut copper, and covered with brass wire) by the 
felts, also endless, and undergoes the pressure of four or five 
consecutive rolls of 12 or 14 in. diameter to squeeze from it what- 
ever of water may remain. The reader will see that after these 
five rollers are passed, the stream of life glides merrily on through 
two rollers; these are called smoothers; and then the hot 
cylinders begin. Onwards over these surfaces the paper travels 
as every one of them revolves, and when the four 4 ft. diameter- 
cylinders are traversed the paper is dry enough, and too dry for 
use ; it then passes through the calendar rolls on to the reels at 
the end, which may be a mile or any number of miles in length, 
or into a cutter which the workman will apply instead. The 
“Times” and some other newspapers take the reels, and put 
them on to their continuous printing machines ; but if the paper 
is for trade, to be sold in sheets, it has to be cut; and instead 
of the reels at the end of the machine, the cutter is placed, 
which will cut a sheet to any required length ; but it is just as easy 
to divide the 100 in. machine paper into half a dozen sections as 
it leaves the cylinders, and guillotine them to any size, without a 
second’s delay in paper manufacture, as to do a single sheet. 
That description cannot be given in this long article. 
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It is walking in dreamland for a novice to walk through a 
paper-mill. The writer took his son over a Surrey mill one | 
Saturday afternoon as the pulp was doing its everlasting journey 
and transmigration, and to show the work, tore from the “ Illus- 
trated News ” of the day a small woodcut of Caxton, and tossed 
it into the pulp just like waste into soapsuds, and walked with 
the lad tothe other end, which took quietly two minutes. There 
was old Caxton landed safe in a sheet of “ Bell’s Life,” never 
more to be disintegrated save by fire, as hot and as dry, and as 
solitary, as the energetic, impassioned and isolated old printer. 

The preposterous schemes for providing paper-making 
material would make a comedy were not the inventors and 
capitalists human. In a hundred years there have been a 
hundred—some of them, truly, mere repetitions—by ignorant 
persons inflated with the idea of being discoverers, and uncon- 
scious that the world is always wide awake. These last twenty 
years have seen thousands on thousands of pounds spent in this 
vanity and folly. The prime necessity in the business is,—that 
the substitute for rags be inexhaustible in quantity, of regular 
supply, and at a remunerating price guaranteed for twenty years. 
Anything that grows can be used, but the above test is indis- 
pensable, and at present can only be accepted for straw, 
esparto, and by-and-by for wood. 

The modern revival of manufacturing paper from vegetable 
fibre dates from 1772, when Schoeffer, a German, issued a book 
containing 60 specimens he had made from barks, downs, stalks, 
bines, roots and husks. In 1790 to 1800, experiments and 
works were proceeding in England (London and Southwark), 
and in 1801 Koop reduced the knowledge toan invention. The 
process is worth a paper-maker’s remembering. For each pound 
of straw or hay take 14lbs. quick-lime, and add 1 to 14 gallons 
river water. When the lime is dissolved draw off by syphon 
the white opaque fluid, keeping all stirred meantime. Cut the 
straw into short lengths and boil for three-quarters of an hour 
in two gallons of water to every pound of material, adding a 
little potash or crystal soda. Draw off the water, soak or 
macerate the material for six or seven days in wooden vessels 
(now we should use the engine) in the prepared lime-water, 
adding enough water to cover the mass and frequently stir. 
Colour and texture can be improved by potash or crystal soda. 
Draw off the lime-water and wash very clean. Boil for one and 
a half to two hours in clean river water 7lbs. to 1lb. of stuff. 
Again wash and boil for half an hour, and make paper in the 
usual way. 

Nothing came of this because rags were plentiful, and any 
other material only cheapened them and shut itself out. 
paper was of bad colour, brittle texture, and could not be made 
very thin or very thick. In 1824, Lambert invented the use of 
sulphur and_ greatly improved the process, but as his stuff had 
to be exposed to light and air in the field, it was too great a tax 
on English climate and English patience. Demand having im- 
mensely increased Mr. George Stiff was induced to put out his 
invention to effect a greater economy and simplicity in the 
process generally, and to produce readily and expeditiously. 
But his “ patent” is only an adaptation of Koops. Mr. Hook 
in 1857 added what seems to be a combination of the three. The 
essential idea has never been departed from to any great extent. 
New chemicals and nicer adjustments every intelligent maker 
will use according to his local circumstances or the purpose 
selected,—whether he wants the straw stuff for mixing or for 
making, and whether he wants it white or toned, or whether he 
intends to force in some Cornwall earth (china clay) to give soft- 
ness and surface, nothing has been discovered to change the 
principle in treating straw since 1801. But now our straw 
papers are, by all these refinements, good rivals of other white 


The | 





printings ; and our straw stuff is used largely for mixing; it fur- 
nishes paper for our cheap daily newspapers, and the long-num- | 
bered weeklies are made of it. There are mills using nothing 
else, which turn out their 20 and 25 tons a week each. Thisisa 
great change from 1867, when it was spoken of as of occasional 
service, but expensive in preparation, and subject to much waste, 
and when made, so brittle as to be uncertain and often useless. 

But it is by the introduction of esparto that the enormously 
increased production of English makers has been possible. 
J. A. Farina, and Couper and Mellor took out patents for its 
use and treatment : the use was anybody’s property, and the 
treatment was too costly, tedious and ineffective for practical 
advantage. It is to Mr. Thomas Routledge, of the Ford Works, 
Sunderland, the public is deeply indebted for the utilization of 
this grass of the Mediterranean. 

After a labour exceeding the ordinary work of half a dozen 
men, and continued for a long time, he reduced the manipulation 
to a formula, went out to Spain, bought up concessions, made 
arrangements for harvesting and transit, and then improved its 
cultivation by regular scientific cropping and otherwise ; and, 
at home, by countless experiments and indomitable energy, 


| broke down the home prejudice, obtained capital for new works, 


and then contrived methods for its half-manufacture, by which 
the makers all over the country could have supplies without 
the tedium and loss of small parcels and imperfect knowledge. 
The ley he makes contains more lime than is necessary to make 
the alkali caustic ; and he boils and rinses in a solution of car- 
bonate or bi-carbonate of soda, thereby preserving and dis- 
solving the resinous and siliceous matter. His patent requires 
no especial boiler ; he had Donkin’s, and he was able to use 
the ley and soda solution again and again until it was really 
discoloured, and then employed it for commoner papers. He, in 
conjunction with Mr. W. H. Richardson, the enterprising pro- 
prietor of Jarrow Works, further improved this in 1865, the 
patent for which we have no space to recite. In lieu of the 
machine used for rags, one has been contrived for disintegrating 
fibres, it bears the designation of a devil. In the treatment of 
esparto there is less need for the beating and macerating, and 
more need for expedition : to meet this necessity the bleaching 
material is put into a vessel and water applied ; the bleach 
mixer extracts the whole of the bleach from the bleach powder, 
leaving only the lime: this extraction is used again and again 
to a great saving in cost; for this purpose the bleach pump is 
used, sending the stuff up, and when the work is done it flows 
down, and is ready againto return. If the reader has ever seen 
a paper mill some twenty years ago, and can get to see one now, 
he will be amazed at the change in the economy of labour and 
the consequent comfort of its operations. Now, with this bleach- 
ing liquid, a mass of stuff is made white in an hour, and sent on 
to the machine and converted into paper in a briefness perfectly 
astonishing. 

The enormous augmentation of paper manufacture compelled 
the makers to seek some substitute for animal size, and also to 
adopt prompter methods for its production. Printing papers 
are now sized in the pulp, not with animal size, but by the 
blending of rosin and alum. But most of our English makers 
now use a singularly excellent preparation, invented by Alder- 
man Pochin, of Salford, called aluminous size. It is made in 
cakes, and easily dissolved, the advantage secured in the regu- 
larity of manufacture, great economy and simplicity, have given 
it all but universal acceptation, being adapted for machine 
writing papers as well as for printings. Foreign papers have a 
resinous soap for this sizing, which is put into the pulp. 

As in all our manufactures, this of paper making has been 
greatly benefited by the service of the chemist and the me- 
chanical engineer. While in the main idea the art has been 
unchanged, theré have been ten thousand little devices, con- 
trivances or combinations for advancing towards perfection. 
In our large works there are such helpers permanently engaged, 
and the field is still open for the further improvements both of 
manufacture and machinery; so that while we find a hundred 
times the quantity done in one-tenth of the time formerly re- 
quired, there is increasing occupation for scientific, practical 
and commercial skill; and this combination manifestly augments 
the wealth and vitality of the national industry. Many have 
been the fears that England would lose her high position as a 
paper-making country, and the late government did treat it with 
the clumsiest ignorance and injurious obstinacy, but the cloud 
has passed, and at the present time there is no manufacture in 
the kingdom which better rewards the skill of. the ingenious, 
the investment of the capitalist, and the enterprise of the mer- 
chant manufacturer, 

W. S. C. 


IMPROVED PILE-DRIVER. 


ESSRS. EASSIE & CO., Limited, of Gloucester, 
~ En) f)| have recently succeeded in perfecting an arrange- 

71) ment of pile-driver, to which they have for some 
time devoted much thought and trouble. The 

principle of the improvement effected is this : the 

usual way of working similar machines to that 

under notice is to secure the chain to one side of the mon- 
key, this arrangement enabling the chain to be brought down at 
the back of the pile from the pulley at the top of the monkey- 
frame in a straight line, the evil of such an arrangement being 
that as the lifting strain put on the monkey when it is being 
raised up does not pass through its centre, but at one side, 
the result is that it is twisted askew on the face of the leaders, 
causing great friction. This evil is removed by the new con- 


| trivance under notice ; in it the chain is led up from the yar 7 


the pile, passed through a groove in the monkey cut to sucha 


depth as allows the centre of lifting strain of the chain to be 
coincident with the centre of gravity of the monkey. As 
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pulley sheave is placed in the groove on a suitable axle, so that 
it can rotate with perfect freedom. If our readers will refer to 
the illustrations the following detailed explanation will make the 
working of the machine clear to them. Fig. 1 is an elevation 
of the monkey, fig. 2 a longitudinal section, and figs. 3 and 4 
transverse sections of it. @ @ are the guides or leaders for 
the monkey or ram 44; the latter is connected to the former by 
means of the collared bolts dd and back plate ¢e ; the chain z z, 
by which the ram is raised, passes from the back of the pile by 
a curved groove cut in the monkey to its centre of gravity, and 
is retained there by the roller £ working on the pin #, and this 
chain is endless and extended over two rollers, one at the top, 
one at the bottom of the framing, and kept in continuous 
motion by the usual means, the line of chain passing through 
the monkey always ascending. It is claimed that any common 
chain can be used in this machine, a special and costly pattern 
being necessary in others. 

A little above the centre of the monkey are two levers, //, 
working on the pins # m, and geared together by the studs 4 A. 
One of these levers has a handle on its one side to which a rope 


FIG. 4. 
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FIG, 3. 


is attached for the purpose of placing the lifting apparatus in 
gear, and on the other side a handle with a stud, which engages 
with a stud S temporarily affixed to the leader at any height 
according to the amount of fall required ; the stud S catches the 
lever handle and releases the chain, when immediately the 
monkey drops. Each lever has a cable-stooper g g, one on 
each side of the link of the chain, which, on being released or 
otherwise, releases or clutches the chain. 

Fig. 5 shows the general outline of a machine exhibited at 
South Kensington ; the engine, boiler, and all being complete 
and at the same time self-contained, they can be removed to any 
reasonable distance from the pile-driver, which is also itself 
fitted with flanched wheels acting as castors, and can conse- 
quently be readily shifted from point to point, while the lower 
frame being fitted with a turntable arrangement, driving can 
proceed at all the four sides at the same time. Means are also 
provided for working the machine on a slope or inclination, and it 
can be set to drive piles on an incline of 1 in 5, this being regu- 
lated by a screw at the back of the ladder. As to speed of 
working, ten blows a minute, with a fall of 8 ft., can be got 
without difficulty ; the machine is made in two sizes, having re- 
7 ed 15 and 20 cwt. monkeys, the height being from 20 up 
to 35 

t sometimes happens that pile-drivers have to be worked on 











soft yielding ground, such as isto be found on river banks, 
marshy places, and the like, no firm ground being present to 
support a heavy machine ; and to meet such conditions a form 
of this pile-driver is made which consists simply of a bulk of 
timber capable of supporting the weight of the ram, and the 
endless chain working irons bottom to top in front of it. The 
steam power is then placed, even 200 ft, off, on firmer ground, 


and the chain led to it over porter pulleys from the driver, the 
chain runs over the pulleys with such little resistance that small 
loss of power is entailed by such a mode of working ; no turn- 
tables or castors are required for this form of the machine, con- 
sequently they are less costly and appear to us to be well suited 
for colonial work. Fig. 6 illustrates a hand-power driver. Fig. 


7 shows a “ ringing” engine or apparatus for driving small piles, 
up to 8 or ro in. square, or for sheet piling ; this machine works 
on somewhat the same principle as that adopted in taking small 
parcels out of a ship’s hold, viz. keeping a barrel constantly ro- 
tating and taking two or three turns of the lifting-rope round it ; 
when this is drawn tight the monkey is lifted, a man hauling 
away the slack, and when the rope is slacked off, the barrel no 
longer bites it, and the monkey falls ; the monkey weighs 3 to 
4 cwt., and the machine is from 15 to 25 ft. high. 


plunging a sheet of 


¥) MPERMEABLE PapEr.—B 
1 by per into an ammoniacal solution of copper for an 
instant, then passing it between the cylinders and dry- 

ing it, it is rendered entirely impermeable to water, and 


may even be boiled in water without disintegrating. Two, three, 
or any number of sheets thus rolled together become perma- 
nently adherent, and form a material having the strength of 
wood. By the interposition of cloth or of any kind of fibre 
between the layers, the strength is vastly increased. 
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THE LAMBETH POTTERIES. 


MONG the effects of the art revival which has 
undoubtedly taken place ot late years, there is one 
which is well worthy of more notice than it has 
received, namely, the introduction of Lambeth 
stoneware into the class of art materials. For 
mek: long its employment was restricted to articles 
as far as possible removed from the artistic. Drain-tiles and 
pipes are, perhaps, as potent agents of civilization as the 
most beautiful productions of the potter’s art, but they are 
emphatically useful rather than ornamental. So with all the 
other articles made of the same materials. Their uses are 
infinite, but till of late nobody ever thought that they could be 
made beautiful. This, however, is all changed now, and it has 
been found possible, by the application of artistic design, to 
produce, from this common and coarse material, objects of a 
form and beauty that rival the most delicate works of our own 
or foreign potteries. 

Such an introduction of a new art—or rather, as we shall 
show, revival of an old one—is well worth notice. As, how- 
ever, this latest development of the potter’s art is entirely due 
to a single London firm, that of Messrs. Doulton, of Lambeth, 
it may perhaps prove not altogether uninteresting if we preface 
our account of artistic stoneware with a brief sketch of their 
ordinary manufacture. As Messrs. Doulton are, it may fairly 
be said, at the head of the trade, any description of what they 
are at work upon may serve to give a good general idea of the 
present condition of the manufacture itself. 

To begin with, it is not very easy to give a precise definition of 
stoneware. The different kinds of earthenware graduate, so to 
speak, into one another, so that it is impossible to say exactly where 
one ends and another begins. Stoneware generally consists of 
plastic clay, with a mixture of felspathic mineral, sand, cement, 
&c. Marryat, in his “ History of Pottery and Porcelain,” says : 
“Stoneware is a densely-baked earthenware, formed of clay 
mixed with sand and glazed with salt. It exhibits when 
broken a close grey texture, is somewhat vitreous, resists the 
action of fire, and is impermeable by liquid.” According to the 
definition given in the official hand-book to the Exhibition of 
1851, “ Stoneware is a dense and highly vitrified material, im- 
pervious to the actiqn of acids, and of peculiar strength ; it 
differs from all other kinds of glazed earthenware in this 
important respect—that the glazing is the actual material itself 
fused together.” With respect to both the above definitions, it 
may be noted that though the glazing is nearly always effected 
by means of salt, yet that stoneware is sometimes glazed with a 
mixture of “Cornish stone” (decomposed granite) and ground 
flint in water. -Into this the articles are dipped in the usual 

- manner, when “green,” and before firing. The way in which 
the salt acts is well known. It is vaporized by the intense 
heat, and as the vapour is dispersed throughout the kiln, where- 
ever it meets the ware, a decomposition ensues, and a film of 
glass is formed by combination of the silica in the clay with the 
soda. At the same time, if there is any iron existing in the 
clay, it is oxidized and brought to the surface, where it produces 
the shade of colour noticeable in some ware. According to the 
received authorities, salt glazing was introduced about 1690, in 
Palmer’s pottery, at Bagnall. Previous to that period a lead 
glazing had been used, but it is said that the discovery of the 
effect of salt was made accidentally, from some brine having 
been evaporated and the salt burnt in a common earthenware 
pipkin. Its advantages from an artistic point of view are, that 
it is so thin as not to spoil the effect of the finest line on the 
ware, while it is so hard as to be practically indestructible. 

It is a curious fact, remembering the wonderful extent to 
which human labour has in other manufactures been superseded 





by machinery, that, as far as his mechanical appliances are con- 
cerned, the potter owes almost nothing to recent invention. The 
wheel, by the aid of which the most elaborate productions of 
our modern workshops are wrought, is identically the same as 
that on which the Etrurian potter moulded his antique vases, or 
that which served the Egyptian in his yet more ancient craic. 
It claims, and with apparent justice, to be the most ancient of 
human inventions, yet it has kept its place unaltered, all but 
unimproved, in an age of machines. In his wanderings in 
Africa, Sir Samuel Baker found a tribe who fashioned their 
earthen utensils on a wheel, though they had not yet discovered 
the hardening effect o: fire, while others baked rude jars, which 
they only knew how to shape with their unaided hands, 

Moulds, again, precisely like those now employed, were used 
by the earliest workers in the art. Stone moulds have been dug 
up near Rome and elsewhere, which were used as similar appli- 






ances now are, both for shaping whole utensils and for forming 
small ornaments and appendages to be afterwards attached to 
larger vessels, 

The result of these facts is that a visitor to a modern pottery 
finds but little of the elaborate machinery which fills factories 
of a different class. Ranged round the various kilns on different 
floors are a number of wheels, each with its workman and one 
or two attendant boys, or the sets of tables, at which the moulders 
work. All that modern ingenuity has done for the potter’s 
wheel is to turn it by steam, as is, of course, the case in all our 
present potteries. The striking feature of modern pottery lies 
in the innumerable applications of it to the requirements of 
modern life. It is, of course, only with the productions of the 
Lambeth potteries, which are mainly of stoneware and terra- 
cotta, that we are at present engaged, so that all the countless 
utensils manufactured from the other varieties of earthenware 
(using this term in its generic and most comprehensive sense) 
do not come within the scope of this article. 

As a kind of rough classification, it may be said that besides 
the artistic and ornamental application of stoneware and terra- 
cotta, there are three classes of wares made by the firm with 
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STATUE OF SIR JOHN CROSBY IN TERRA-COTTA. 


whose productions we are principally engaged — chemical, 
sanitary, and general miscellaneous wares. All of these are 
made in precisely the same way and of the same material. 
They differ only in shape and application. As regards the 
more artistic portions of the manufacture, terra-cotta is here 
used for architectural and horticultural decorations ; and the 
fine ornamented stoneware is formed into jugs, vases, pots, &c., 
of different sorts. ‘ 
In the chemical wares the chief effort has been to produce in 
stoneware vessels and various manufacturing appliances, of shapes 
for which it does not at first sight seem specially suitable. It has 
the invaluable quality of resisting strong acids, and this alone 
has been the reason why a great amount of ingenuity has been 
devoted to this special branch of manufacture. Thus, besides 
jars and bottles of every shape and size, there are funnels, per- 
colators, &c., and what are considerably more complicated, 
stills with retort, head, worm, and receivers, all of the same 
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and gum Arabic, the latter adheres to the bottom of the vessel 


| paper will be strong but coarse. It is done in a river; the 


whilst the former remains loose. Aeimann's Farberseitung, No. | 


30, 1874. 


Nitric Ethers.—P. CHAmpion finds that nitric ethers are 
readily produced by adding a mixture of the alcohol and 
sulphuric acid to the following mixture :— 


Sulphuric acid. ‘ ° ° + 2 parts, 
Fuming nitricacid.  . » o I part 


Solid alcohols must previously be finely divided, which is readily 
accomplished by evaporating at a low temperature their alco- 
holic solutions. The author describes the nitrates of methyl, 
ethyl, trityl, amyl, hexyl, ceryl, myricyl, ethylene, glycerine, 
erythrite, mannite, dulcite, &c. Compiles Rendus, lxxviti. 1,150. 


PAPER MAKING. 


APER has been used ever since mankind acquired 
the art of writing, and its history takes us back 
to the most obscure remoteness. The im- 
7A) perishable monuments whereon are engraven 

IN the story of dynasties, and laws, and ages, are 
22 preserved to us, being of granite ; but the material 
used for the ordinary communications of a rude society is only 
known to us through tradition, or by scattered notes in ancient 
books. In this western world we trace it to Egypt, and there 
we know its manufacture was the staple of many an inland 
town, whence it was exported to Europe. So considerable was 
it that one Firmus, a leader of rebellion, boasted that he had 
seized enough size and paper to maintain an army. The best 
quality was ultimately taken to Rome to be finished, the factory 
remaining where was the material, the labour, the water, and 
the machinery—in Egypt. They made three or more sorts. 
One, Azeratica, for religious purposes only; one, for general 
business ; and the common for shop-work. The Romans dis- 
covered a method of extracting the ink from Azeratica, and 
using the paper again, and this was for a long time a profitable 
secret. These were, of course, vegetable papers. 

The introduction of cotton paper is likewise very obscure. 
Rome had some of it, and in Eastern Asia it was made. Most 
probably the Arabs in their journeys acquired the mystery, and 
took it home, and from thence into Spain, where was a factory, 
which ultimately came into the hands of the Christians, who 
developed and improved thereon. The date of this must have 
been about the time of the Conquest. The bulls of the anti- 
popes Romanus and Formosus are said to have been written on 
a paper made of cotton and seaweed. 

But paper had been made in China and Japan always, and 
as our age has returned to the use of vegetable fibres for paper- 
making, and will probably do so more and more, it is well to 
note the process. In the essential qualities they excel us in 
this art, which they have practised quite as far back as the 
Christian era. Every province has its peculiar description. 
That made of hemp or linen-rag in Se-tchven ; of the inner 
bark of the mulberry in the north ; of the skin of the silkworm 
web in Kiang-nau ; of the bark of the elm in another ; of rice 
and straw in some, and in Hu-quang the trecher or ko-chu 
supplies the materials. 

mpfer, secretary to the Swedish embassy, wrote a history 
of Japan in MSS. in High Dutch in 1690-2, which was trans- 
lated into English, and published by Schenferin 1727. In the 
appendix, he gives “a short but clear and full account of the 
way of making paper in use among the Japanese—chiefly for 
the instruction and satisfaction of those who would be willing 
to try the same experiment upon some barks of our European 
trees.” This we will abridge. 

Every year at the fall of the leaf the young fat shoots of the 
Morus bapyrifera sativa are cut off into 3 ft. lengths and fag- 
gotted. ese faggots are tied together and placed upright into 
a large covered kettle and boiled till the bark is loosened. The 
sticks are then exposed to the air till cold, when, by splitting, 
the bark is taken andthe woodthrown away. After being dried 
it is stored, and when wanted is soaked in water for three or 
four hours till soft, the black and green coverings are scraped 
off, and the year-old part is stripped from that of the current 
year, and is used for best paper—the younger for coarse pur- 
poses. This is boiled ir clear lye and kept stirred (the loss by 
evaporation being supplied by fresh lye)—until the whole is dis- 
solved and separated into fibres. It is then washed carefully. 
Over washing will make it whiter but greasy ; insufficient, the 









stuff is in a sieve and is stirred by hands and arms until it is soft 
as down. The finer kinds are washed again in linen, not a sieve. 
This matter is then placed on a table and beaten with sticks 
until it is like pulp, which, put into water, will dissolve like 
meal. 

The bark thus prepared is put in a tub with an infusion of 
rice and of orené root, likewise mucous and slimy, and all 
stirred. The leaves (or sheets) are made by taking a quantity 
and pouring it over a pattern made of bulrushes, not brass wire 
as we use, and dried. Between the sheets a reed is put, and 
the heaps are covered with a piece of wood and small weights 
placed on the top ; these are increased as the paper dries. 
next day the weights are removed, and the sheets laid out 
separately and placed in the sun to dry, when they are gathered 
up, the edges trimmed, and put by ready for sale. 

The method adopted in China for converting bamboo into 
mad is practically the same. The same gathering, boiling, 

ating, drying, &c., only that it appears to be ruder in that 
they put the material into a dry ditch, cover it up with lime and 
a cloth, and put water on. For strength, there is nothing known 
to equal the Teeeneen aper. It is soft as leather ; indeed, it is 
used, after colouring, for ladies’ reticule bags, and wears better 
than the paltry sorts of leather. This production is strong 
enough for rope, and in Japan the house furniture in curtains 
and the like is made from it. 

Cotton-paper was, however, too soft and flimsy and perish- 
ing for permanent documents, and parchment too troublesome 
and costly. The invention of making paper from linen rag, 
whose pedigree, Bagford says, is the dunghill, was a most oppor- 
tune preparative to the introduction of printing, which it pre- 
ceded by a little more than a century. Hakewell, in his “ God’s 
good Government of the World,” names it as of the time of 
Richard II. There was, and probably is, in the White Tower, 
some specimens of mixed cotton and rag of 1279, and in Italy, 
the old Aldus printed some of his books of that mixed material, 
whilst Beaumont declares there were several MSS. in the libraries 
of Bohemia “wrote in the year 1340.” Bagford saw Sir Jno. 
Mandeville’s travels “ wrot on paper in ye year 1366.” In 1470 

two brothers “ migrated from Gallicia in Spain, and learned them 
of Amsterdam that art which was the reason of setting up so 
many great Imprimeries' in and about the year 1478.” The 
sameold chronicler tells us of the inventory of Henry, prior of 
Christ Church, which he saw at Canterbury, and is on paper 
dated 1345, and adds, “ this we are assured of, that the making 
of Paper of Rags was much about the middle of the reign of 
our Edward the third, and very much used in Richard the 
second’s days.? To conclude, it spread itself in all parts of 
Europe, and we received it here in England in the days of Henry 
the seventh.” ® 

The first mill we have positive evidence of in England, is in the 
time of Henry VII., 1495, put up by John Tate jun., at Stevenage, 
which the king visited, as may be seen in his book of Household 
Charges for going thither, and for presents upon the occasion. 
Among his customers was Wynkyn de Worde, who was a suc- 
cessor and co-worker with Caxton, and had a printing-office in 
Fleet Street. Ina stanza of the “ Poeme to Bartholomeus,” &c., 
is the following curious memorial of our first paper-maker :— 


* And John Tate the yonger, Joye mote him broke 
Which late hath in England doo make his paper thynne 
That now in our English, this boke is prynted inne.” * 


We do not know what Chambers and other cyclopzedists call 
évidence of the existence of a paper-mill prior to the Dartford 
one ; but there is, in further proof, Tate’s will, dated Oct. roth, 
1507, proved by Elizabeth, his relict and sole executrix. .... 
“ Item. 1 bequeath to Thomas Bolle of Hartford if he will take 
it upon his conscience, as much white paper as shall extend to 
the sum of twenty six shillings and eight pence sterling as ready 
money. He to receive it out of my paper mill at Hartford. tem. 
I do will that the Exors. do sell my Paper Mills with all goods, 
pastures, meadows to the most advantage.” 

But paper-mills were not prosperous financially. In the first 
place, there was severe competition from the Dutch and others, 
who had long practised it, and bad parcels were thrown.on the 
makers’ hands ; there was also little knowledge of chemistry and 
great dearth of capital for industrial enterprise. Spilman, Queen 
Elizabeth’s jeweller, a German, saw this latter fact, and set up 
that at Dartford in 1588, but it was not the first, as some sup- 
pose. His friend Churchyard sings :— 





1 Printing-offices. 

? Harleian MSS. 5910. 710. 

* This is in reference to its home manufacture, 
* Fenn’s Letters, vol. I. xx. 
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“ One Thir/éy went Embassador farre from hence 
To Charles the Fift an emperor of great fame 
And, at return, did bring with him, from thence 
A learned man, Remegius by name 
Who 7iiriby lovde, and made by his devise, 
A Paper-mill but not so much in price, 
As this that now neere Darthford standeth well 
Where Spillman may himself and houshold dwell. 
Well, this is he that first heere profit brought 
First triall made of things not heere well knowne 
* * * * * 


A doubtful work that others erst begun 
Who spent thereon more wealth than well they won,” &c. 


He soon had rivals, and the queen’s death deprived him of his 
patron. She had, however, granted him a patent “ That he only, 
and.no others, should buy linen rags, and make paper.” Spil- 
man, on the accession of James, took occasion to make of him 
a friend, and succeeded. The fussy monarch came at his invi- 
tation to Dartford, inspected his mill, and then and there, on 
the 25th May, 1605, dubbed him knight. He acquired land, 
grew rich, and finally set up eight mills in the county of Kent. 

But these mills were all for making paper pulp only, and were 
driven by water in England and by wind in Holland. The ob- 
ject being merely to— 


“ Make rotten ragges to yeelde a thickned froth,” 


which was only the application of machinery to the ancient idea 
of pounding the stuff by hand in wooden mortars. 

This was hard work and noisy, but when paper-mills super- 
seded the hand method, no doubt the historian might say :— 


“ The hammers thump and make as lowde a noyse 
As fuller doth that beats his woollen cloth.” 


We have not space to describe the primitive mill-hammering 
which superseded that of the hand-mortar. It is now superseded 
by the splendid elaborations of machine power, that are in part 
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FIG. 2.—RAG DUSTER. 


familiar to thousands of visitors to the National Exhibitions of 
England or the Continent, and are the product of the present 
century. 

Those which have to do with the material are common to both 
forms of paper-making, that by hand and that by machine, for 
both require the preparation of pulp, and there is no distinction, 
on that ground, in the quality or production. 

Rags are now sold to the mills ready sorted: the English into 
fines, seconds, thirds, colours, rope and bagging, handstuff, &c. ; 
the foreign in a similar gradation expressed by initial letters 
according to the language of the exporting country. S.P.F., 

X., F.F., &c., are Hamburg terms, and Memel, Leghorn, and 
other ports have the like custom. The sorting has gradually 
become so correct as to require little mill overlooking. In former 
times this was all done at the mill, and it employed many women ; 
but the demand for paper is now too great for such labour to 
effect. The cutting was also by hand-labour ; now it is done by 
a machine (fig. 1) at the rate of 8 or 10 cwt. in the hour; and 
thus large parcels, of qualities suitable for various papers, are 
always ready. The mode of operation is as follows :— 

The rags, ropes or waste to be cut are placed in the feeding 
trough, and thrust forward by the attendant until they are 
brought under a strong leather endless band, passing over 
grooved wooden drums, and under a series of grooved rollers, 
and an intermittent motion is given by pawls acting on ratchet 
wheels. The cutting is effected by one knife of gin. width of 
blade, extending transversely the whole width of the trough, and 
three narrower knives at right angles to it, all fixed to a crosshead. 
Thus the materials are cut both ways, and the adjustment is 
easily regulated by screws, making all four edges level. The 
cross-head is coupled by a pair of side rods to a crank-shaft be- 
neath, carrying a spur-wheel geared into by a pinion on the 





shaft, which carries the belt pulleys, and is provided with a, 
heavy fly wheel. Some have used rotary and other cutters, but 
these are greatly preferred. 

After cutting, the material is placed in a dusting machine, 
(fig. 2), composed of a wire cylinder with revolving shaft : the 
rags are inserted at the top, and soon emerge thoroughly shaken 
and purified from the dust extracted or produced by the cutting 
process. It isa simple contrivance, explaining itself. 

At this stage the more serious transformation of material is 
commenced by boiling it in a strong alkaline ley, made of soda 
and lime, or sometimes of lime only, varying in power according 
to the quality and the quantity of the colouring matter to be de- 
stroyed. This is now effected in the best manner by the Spherical 
Rotary Rag Boiler (fig. 3), as preferable to the cylindrical de- 
scribed in all treatises on this subject. It possesses the advantage 
of double strength, which renders it perfectly safe, durable and 
suitable for high-pressure steam, and it has a further advantage 
in allowing the rags to fall out by themselves, when the boiler is 
revolving with the cover off. Of course in the inside are strainers 
to take off the dirt, and lifters to keep the contents in agitation. 
Messrs. Donkin & Co. made a great advance in inventing the 
cylindrical ; but greater, in this their newest boiler. It contains 
about 13 tons, and does its work in from 5 to 8 hours. 

If all has proceeded satisfactorily, the tearing and pulping is 
commenced at once, by a machine that will prepare 13 or 14 tons 
of stuff per week, instead of doing, as in the old time, half a ton 
a week. The principle of these rag engines is the same, but 
gradually great improvements in detail have been made, It is 
an elliptical vessel made of iron, and is divided by a partition. 
The length is about 10 ft., and width 4 ft. 6in., and it contains 
about I to 2 cwts., according to the stuff. A mill has several of 
these in the engine-house. Our engraving (fig. 4) shows the 
method of working. This most essential contrivance has 
engaged the ingenuity of machinists without in any: essential 
particular departing from its first principle, with this difference, 
that it is now made of iron when formerly it was wood. It is 
elliptical when formerly the ellipsis was enclosed in a cumbrous 
box. As Messrs. Donkin and Co. were the early paper-making 
machinists, and the makers of the first paper-making machines, 
we have, to avoid jealousies, taken our illustrations from their 
works, they having in all the details kept fully abreast of all 
rivals since their house was established. 

At the bottom of that part of the engine containing the roller 
is a horizontal frame upon which is fixed a number of vertical 
plates. The rags, &c., are introduced at one end, and are com- 
pelled to take a slanting direction which draws the material 
between the revolving roller and the plates, crushing and mace- 
rating and pulping in its great velocity. The stuff is driven on 
through the water on the other side and back again under the 
roller until the mass is literally made into a paste. There is 
a contrivance in the machinery for introducing clean and with- 
drawing foul water without any interruption of this process. 

When enough of this has been done the paper stuff is taken to 
another engine of the same construction, and chloride of lime, 
or what is technically named “bleach” (for other ingredients 
are used according to the skill of the maker and the nature of the 
material), is added in proper quantities, and this macerating 
process is resumed. Here too, the chemicals which produce 
“toned” papers of any shade are added, and if colours proper 
are required they can be here incorporated. Our forefathers 
troubled themselves nothing with this modernism ; they were 
content with the action of lime. Bleach was invented in 1794 by 
Cunningham, and for the purpose of using material hitherto 
unemployed in the art—“ greys and ropes”—for producing tea 
paper; and for enabling the maker to use his “thirds” for 
“seconds,” and his “seconds” for “ fines.” He prescribed 1 
part pearl-ash, 9 parts lime, to 40 parts water, and the process 
is in his specification. We have bettered the instruction with 
a vengeance, for we can tone, or blue, or pink rubbish with 
success. Half our papers will lose their colour in a year, and 
will perish in 50 years. However, we have nothing to do with 
that. Good rags require no bleaching beyond lime, but good 
rags are scarce and expensive ; and our fibres, on which we 
shall have to speak hereafter, and on which we depend so much, 
must be bleached very scientifically." 

The pulping and bleaching being perfected, the result is 
drawn off into stuff-boxes—receptacles constructed to contain 





! Messrs. Donkin add to their engine another piece for sharpening 
the roller-bars without removing the roll from its usual position, and the 
method gives uniformity of shape to the bars, and dresses them at less 
expense of time, and more perfectly than hand-chipping. The addition 
is optional. It makes a separate machine when combined with the bar- 
sharpener. 

Messrs. Tidcombe of Watford make a more comprehensive engine 
in that the beating, washing, pulping and bleaching are in one engine. 
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large quantities of paper material of different qualities, as stock 
to be used from as occasion may require. The water drains off 
to be used again, and the mass becomes solid enough to dig 
from. 

Before describing the modern process of converting fibres 
into paper-pulp, it seems best to refer to that of hand paper- 
making ; because our best rough drawing and writing papers 
are all made by hand, and are entirely of rag-pulp. Several 
stone vats, about 6 ft. square and 4 ft. deep, are fitted up with an 
agitating wheel running through the whole length to keep the 
fibre equally diffused in the water; and the vatman takes up a 
simple frame of the size of the sheet intended, having a wire 
bottom made either of fine wires with others across them, as is 
seen in laid papers, or devices or names, as in bank notes, or 
wire-cloth showing no marks, as in wove; on this he places a 
deckle, which is another frame an inch deep, and dexterously 
dips it slantingly into the stuff until he gets it horizontal and full; 
he then withdraws it, shakes it to and fro to obtain an equal 
fabric and get rid of the water, with a turn of his thumb he 
pushes off the deckle, leaving the paper upon the mould and the 
deckle on his arm, and passes it along a ledge to his mate, who is 
called a coucher. He places it for a second on a curved stay to 
drain while he lays a piece of felt on wood of the size, and turns 
over the mould, leaving the paper on the felt and passes the 
mould back again. This process is repeated until 144 sheets (a 
post) are made and the parcel is put on a little railway to an 
hydraulic press, where the squeezing makes the paper able to 
bear its own weight ; the felts are removed, the sheets are piled 
together ; other “ posts” follow, and when enough are made the 
whole is put again under pressure, and the sheets are separated 
to prevent sticking. They are again pressed and parted, and in 
fine choice goods, again and again ; afterwards they are taken 
to the lofts, hung up by clips of five or six sheets upon hair lines, 
called ¢vibdes, and in about a day it is dry. But there is the sizing 
to follow before writing can be performed, and hence a pilgrimage 
to the sizing-house. Here a lot of “glue-pieces ”—refuse of 
skins from the tanners—has been cooked to a jelly in which has 
been dissolved alum. When used it is put into a boiler, diluted 
and heated with steam, from thence when very hot it flows by a 
spout—which has plenty of alum at the top of it to be dissolved 
in the passage—into a tub 4 or § ft. square, also made and kept 
hot by steam through a false bottom. The workman then takes 
five or six quires and dips it into the size, turning it in all direc- 
tions; he lets it remain suspended by pincers until every sheet has 
absorbed some. The sheets are then separated, made into 
another heap and pressed to remove superfluous size, and the 
edges are sponged with hot water to prevent sticking. After 
two days it is hung up where it can gradually dry. It is then 
taken to the finishing room, counted into quires,and packed 
into reams ready for delivery. 

But when the paper has to be glazed another machine or 
rather many machines have been invented. Formerly it was 
enough to press firmly for a day between glazed boards such as 
printers use ; but the high-glazed of our time, and the common 
material of our time, have rendered necessary the application of 
extraordinary pressure at high speed. We give Donkin’s 
Glazing Press for single sheets of paper as an illustration. In 
it both sides of the sheet are perfectly done : in the usual way 
copper or zinc sheets are used, between which the paper is 
inserted. The best paper looks grandly when so finished. It 
is a matter of taste whether the writer prefers rough or smooth, 
but the best hand-made papers highly-glazed at the mill are 
fine samples of English writings. Some drawing-papers demand 
extraordinary skill: a sheet of Antiquarian 53 in. x 31 in. 
requires two men, and good men too, to manage the frame 
and shaking ; and the couching requires two, and the sizing 
also. 

It was only so far back as the beginning of the present 
century that the paper-making machine was invented; and as 
our business is merely with the practical part, and therefore as 
the machine stands in our day, we can only briefly note its 
origin, and pass on to describe its operation :— 

The history of the paper-making machine would occupy an 
entire paper, although the invention dates only from the begin- 
ning of the century. It was invented by Didot, a Frenchman, 
patented by Gamble, who sold it to Fourdrinier.’ This gentle- 





The principle is the same, and any new mill-owner must see for himself 
whether or no the simple duplication of engines for any extensive works 
is or is not an advantage. 

‘ Among many errors on this subject, Chambers’ Cyclopzedia detracts 
from Fourdrinier by quoting Bramah’s patent as prior to that of Mr. 
F., not discerning the fact that Didot treated with Gamble and Gamble 
with Fourdrinier concerning their machine, first patented by Didot 
years before, but could only have been produced by the capital of Mr. 
Fourdrinier. Bramah’s was never more heard of. 





man altered and brought it out under the engineering skill of 
Mr. John Donkin ; a few years afterwards Mr. John Dickenson 
employed the same machinist to effect improvements which he 
from time to time had patented : others, but most notably that 
firm themselves, have gone on perfecting it,and they have 
made 250 machines. We take our illustration, therefore, from 
their present one with the latest additions (fig. 5). This is not 
described in any book of reference. 

The stuff-chests at the right hand of the drawing receive the 
paper-stuff from the beaters as they complete its preparation, 
and vary both in the mode and material of construction accord- 
ing to the space or other reasons—sometimes they are of wood 
and sometimes of iron, cast or wrought. In the middle is an 
upright spindle, to which are fixed revolving agitators which pre- 
vent the stuff from settling. 

Between these and the knotters or strainers is now fixed a pulp 
regulator (fig. 6). This is an important matter to a paper-maker. 
When his chests are full, the weight forces the stuff out faster 
than when they are nearly empty, and the machine has to 
travel at a greater speed to prevent the paper being too thick. 
This is not scientific, and in the middle of the night (for paper- 
machines only stop on Sundays) is often neglected and entails 
loss and disappointment. This apparatus consists of a scoop- 
wheel of cast iron in a cast-iron case with a tank on each side, 
each fitted with float for letting in the proper proportion of pulp 
in one, and back water from the machine in the other. The ‘pulp 
and water both flow properly mixed into the scoop case, and are 
then measured out and pumped into the machine. If the speed of 
the machine varies, or the stuff would come too fast, it is by this 
machine regulated. 

The stuff begins to flow through a series of corrugations called 
a sand catcher, made of cast-iron, for the purpose of catching 
any dirt or grit that may be infused, and from these passes to 
the knotters or strainers, which are made with a cam move- 
ment and entirely of gun-metal. These are placed in cast iron 
boxes fitted with gun-metal plates, having fine slits in them 
through which the fine pulp passes ; two of them are placed 
side by side : from these the pulp passes to what is called the 
wire or wet part of the machine. The fibres begin to hang 
together as the mass flows on over an endless wire cloth, moving 
upon many small rollers, kept in constant vibration ; and from 
which falls the water, containing much pulp, into a chest below, 
and is the back-water mentioned before as having to return to 
the regulator for furtheruse. Modern experience has made this 
wire or wet part much longer than at the first, and improved the 
web or texture thereby. 

An observer would want to know how the edges are kept 
sound in this embryo situation, and it is a very important con- 
sideration to printer, reader and stationer. With the wove and 
laid hand-mades there was a deckle framing the mould ; and, on 
the machine, over this extended indefinite length, the same idea 
had to be incorporated ; hence the vibration, both in substance 
and in mechanics, must, for the sake of the edges and the sub- 
stance, keep even time with that of the machine. Well, this 
deckle arrangement is done with the aid of that conscientious 
substance india-rubber. Round and round, with thousands of 
holes, the wire-cloth travels from 1 a.m. on Monday to 2 p.m. 
on Saturday with its deckles and its shakings, and its receivings 
of pulp and its discharges of paper, minute by minute, in every 
stage and in every second, and fiftieth part of a second, making 
of opaque water the indispensable material whereon the love, 
sorrow, hates and history of floating time may be inscribed. 

By the time this shaking is completed the pulp, like a child m 
the use of its legs, is able to run alone. It is received, after the 
ordeal of the dandy roll (a very necessary part of the machine, 
made of cross-cut copper, and covered with brass wire) by the 
felts, also endless, and undergoes the pressure of four or five 
consecutive rolls of 12 or 14 in. diameter to squeeze from it what- 
ever of water may remain. The reader will see that after these 
five rollers are passed, the stream of life glides merrily on through 
two rollers; these are called smoothers; and. then the hot 
cylinders begin. Onwards over these surfaces the paper travels 
as every one of them revolves, and when the four 4 ft. diameter- 
cylinders are traversed the paper is dry enough, and too dry for 
use ; it then passes through the calendar rolls on to the reels at 
the end, which may be a mile or any number of miles in length, 
or into a cutter which the workman will apply instead. The 
“Times” and some other newspapers take the reels, and put 
them on to their continuous printing machines ; but if the paper 
is for trade, to be sold in sheets, it has to be cut; and instead 
of the reels at the end of the machine, the cutter is placed, 
which will cut a sheet to any required length ; but it is just as easy 
to divide the 100 in. machine paper into half a dozen sections as 
it leaves the cylinders, and guillotine them to any size, without a 
second’s delay in paper manufacture, as to do a single sheet. 
That description cannot be given in this long article. 
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It is walking in dreamland for a novice to walk through a 
paper-mill. The writer took his son over a Surrey mill one 
Saturday afternoon as the pulp was doing its everlasting journey 
and transmigration, and to show the work, tore from the “ Illus- 
trated News ” of the day a small woodcut of Caxton, and tossed 
it into the pulp just like waste into soapsuds, and walked with 
the lad to the other end, which took quietly two minutes. There 
was old Caxton landed safe in a sheet of “ Bell’s Life,” never 
more to be disintegrated save by fire, as hot and as dry, and as 
solitary, as the energetic, impassioned and isolated old printer. 

The preposterous schemes for providing paper-making 
material would make a comedy were not the inventors and 
capitalists human. In a hundred years there have been a 
hundred—some of them, truly, mere repetitions—by ignorant 

- persons inflated with the idea of being discoverers, and uncon- 
scious that the world is always wide awake. These last twenty 
years have seen thousands on thousands of pounds spent in this 
vanity and folly. The prime necessity in the business is,—that 
the substitute for rags be inexhaustible in quantity, of regular 
supply, and at a remunerating price guaranteed for twenty years. 
Anything that grows can be used, but the above test is indis- 
pensable, and at present can only be accepted for straw, 
esparto, and by-and-by for wood. 

The modern revival of manufacturing paper from vegetable 
fibre dates from 1772, when Schoeffer, a German, issued a book 
containing 60 specimens he had made from barks, downs, stalks, 
bines, roots and husks. In 1790 to 1800, experiments and 
works were proceeding in England (London and Southwark), 
and in 1801 Koop reduced the knowledge toan invention. The 
process is worth a paper-maker’s remembering. For each pound 
of straw or hay take 14lbs. quick-lime, and add 1 to 14 gallons 
river water. When the lime is dissolved draw off by syphon 
the white opaque fluid, keeping all stirred meantime. Cut the 
straw into short lengths and boil for three-quarters of an hour 
in two gallons of water to every pound of material, adding a 
little potash or crystal soda. Draw off the water, soak or 
macerate the material for six or seven days in wooden vessels 
(now we should use the engine) in the prepared lime-water, 
adding enough water to cover the mass and frequently stir. 
Colour and texture can be improved by potash or crystal soda. 
Draw off the lime-water and wash very clean. Boil for one and 
a half to two hours in clean river water 7lbs. to 1lb. of stuff. 
Again wash and boil for half an hour, and make paper in the 
usual way. 

Nothing came of this because rags were plentiful, and any 
other material only cheapened them and shut itself out. The 
paper was of bad colour, brittle texture, and could not be made 
very thin or very thick. In 1824, Lambert invented the use of 
sulphur and greatly improved the process, but as his stuff had 
to be exposed to light and air in the field, it was too great a tax 
on English climate and English patience. Demand having im- 
mensely increased Mr. George Stiff was induced to put out his 
invention to effect a greater economy and simplicity in the 
process generally, and. to produce readily and expeditiously. 
But his “ patent” is only an adaptation of Koops. Mr. Hook 
in 1857 added what seems to be a combination of the three. The 
essential idea has never been departed from to any great extent. 
New chemicals and nicer adjustments every intelligent maker 
will use according to his local circumstances or the purpose 
selected,—whether he wants the straw stuff for mixing or for 
making, and whether he wants it white or toned, or whether he 
intends to force in some Cornwall earth (china clay) to give soft- 
ness and surface, nothing has been discovered to change the 
principle in treating straw since 1801. But now our straw 
papers are, by all these refinements, good rivals of other white 
printings ; and our straw stuff is used largely for mixing; it fur- 
nishes paper for our cheap daily newspapers, and the long-num- 
bered weeklies are made of it. There are mills using nothing 
else, which turn out their 20 and 25 tons a week each. This is a 
great change from 1867, when it was spoken of as of occasional 
service, but expensive in preparation, and subject to much waste, 
and when made, so brittle as to be uncertain and often useless. 

But it is by the introduction of esparto that the enormously 
increased production of English makers has been possible. 
J. A. Farina, and Couper and Mellor took out patents for its 
use and treatment : the use was anybody’s property, and the 
treatment was too costly, tedious and ineffective for practical 
advantage. It is to Mr. Thomas Routledge, of the Ford Works, 
Sunderland, the public is deeply indebted for the utilization of 
this grass of the Mediterranean. 

After a labour exceeding the ordinary work of half a dozen 
men, and continued for a long time, he reduced the manipulation 
to a formula, went out to Spain, bought up concessions, made 
arrangements for harvesting and transit, and then improved its 
cultivation by regular scientific cropping and otherwise ; and, 
at home, by countless experiments and indomitable energy, 





broke down the home prejudice, obtained capital for new works, 
and then contrived methods for its half-manufacture, by which 
the makers all over the country could have supplies without 
the tedium and loss of small parcels and imperfect knowledge. 
The ley he makes contains more lime than is necessary to make 
the alkali caustic ; and he boils and rinses in a solution of car- 
bonate or bi-carbonate of soda, thereby preserving and dis- 
solving the resinous and siliceous matter. His patent requires 
no especial boiler; he had Donkin’s, and he was able to use 
the ley and soda solution again and again until it was really 
discoloured, and then employed it for commoner papers. He, in 
conjunction with Mr. W. H. Richardson, the enterprising pro- 
prietor of Jarrow Works, further improved this in 1865, the 
patent for which we have no space to recite. In lieu of the 
machine used for rags, one has been contrived for disintegrating 
fibres, it bears the designation of a devil. In the treatment of 
esparto there is less need for the beating and macerating, and 
more need for expedition : to meet this necessity the bleaching 
material is put into a vessel and water applied ; the bleach 
mixer extracts the whole of the bleach from the bleach powder, 
leaving only the lime: this extraction is used again and again 
to a great saving in cost; for this purpose the bleach pump is 
used, sending the stuff up, and when the work is done it flows 
down, and is ready againto return. If the reader has ever seen 
a paper mill some twenty years ago, and can get to see one now, 
he will be amazed at the change in the economy of labour and 
the consequent comfort of its operations. Now, with this bleach- 
ing liquid, a mass of stuff is made white in an hour, and sent on 
to the machine and converted into paper ina briefness perfectly 
astonishing. ; 

The enormous augmentation of paper manufacture compelled 
the makers to seek some substitute for animal size, and also to 
adopt prompter methods for its production. Printing papers 
are now sized in the pulp, not with animal size, but “ the 
blending of rosin and alum. But most of our English makers 
now use a singularly excellent preparation, invented by Alder- 
man Pochin, of Salford, called aluminous size. It is made in 
cakes, and easily dissolved, the advantage secured in the regu- 
larity of manufacture, great economy and simplicity, have given 
it all but universal acceptation, being adapted for machine 
writing papers as well as for printings. Foreign papers have a 
resinous soap for this sizing, which is put into the pulp. 

As in all our manufactures, this of enone making has been 
greatly benefited by the service of the chemist and the me- 
chanical engineer. While in the main idea the art has been 
unchanged, there have been ten thousand little devices, con- 
trivances or combinations for advancing towards perfection. 
In our large works there are such helpers permanently engaged, 
and the field is still open for the further improvements both of 
manufacture and machinery; so that while we find a hundred 
times the quantity done in one-tenth of the time formerly re- 
quired, there is increasing occupation for scientific, practical 
and commercial skill ; and this combination manifestly augments 
the wealth and vitality of the national industry. Many have 
been the fears that England would lose her high position as a 
paper-making country, and the late government did treat it with 
the clumsiest ignorance and injurious obstinacy, but the cloud 
has passed, and at the present time there is no: manufacture in 
the kingdom which better rewards the skill of. the ingenious, 
the investment of the capitalist, and the enterprise of the mer- 
chant manufacturer. 

W.S. C. 


IMPROVED PILE-DRIVER. 


ESSRS. EASSIE & CO., Limited, of Gloucester, 
; f)| have recently succeeded in perfecting an arrange- 
) ) i/4 ment of pile-driver, to which they have for some 
A \ VA%|5)| time devoted much thought and trouble. The 
NMY principle of the improvement effected is this : the 
<—— usual way of working similar machines to that 
under notice is to secure the chain to one side of the mon- 
key, this arrangement enabling the chain to be brought down at 
the back of the pile from the pulley at the top of the monkey- 
frame in a straight line, the evil of such an arrangement being 
that as the lifting strain put on the monkey when it is being 
raised up does not pass through its centre, but at one side, 
the result is that it is twisted askew on the face of the leaders, 
causing great friction. This evil is removed by the new con- 
trivance under notice; in it the chain is led up from the back of 
the pile, passed through a groove in the monkey cut to such a 
depth as allows the centre of lifting strain of the chain to be 
coincident with the centre of gravity of the monkey. A small 
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pulley sheave is placed in the groove on a suitable axle, so that 
it can rotate with perfect freedom. If our readers will refer to 
the illustrations the following detailed explanation will make the 
working of the machine clear to them. Fig. 1 is an elevation 
of the monkey, fig. 2 a longitudinal section, and figs. 3 and 4 
transverse sections of it. @ @ are the guides or leaders for 
the monkey or ram 44; the latter is connected to the former by 
means of the collared bolts dd and back plate ¢e ; the chain Z z, 
by which the ram is raised, passes from the back of the pile by 
a curved groove cut in the monkey to its centre of gravity, and 
is retained there by the roller £ working on the pin z, and this 
chain is endless and extended over two rollers, one at the top, 
one at the bottom of the framing, and kept in continuous 
motion by the usual means, the line of chain passing through 
the monkey always ascending. It is claimed that any common 
chain can be used in this machine, a special and costly pattern 
being necessary in others. 

A little above the centre of the monkey are two levers, //, 
working on the pins m m, and geared together by the studs 44. 
One of these levers has a handle on its one side to which a rope 
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FIG, 3. 


is attached for the purpose of placing the lifting apparatus in 
gear, and on the other side a handle with a stud, which engages 
with a stud S temporarily affixed to the leader at any height 
according to the amount of fall required ; the stud S catches the 
lever handle and releases the chain, when immediately the 
monkey drops. Each lever has a cable-stooper g g, one on 
each side of the link of the chain, which, on being released or 
otherwise, releases or clutches the chain. 

Fig. 5 shows the general outline of a machine exhibited at 
South Kensington ; the engine, boiler, and all being complete 
and at the same time self-contained, they can be removed to any 
reasonable distance from the pile-driver, which is also itself 
fitted with flanched wheels acting as castors, and can conse- 
quently be readily shifted from point to point, while the lower 
frame being fitted with a turntable arrangement, driving can 
proceed at all the four sides at the same time. Means are also 
provided for working the machine on a slope or inclination, and it 
can be set to drive piles on an incline of I in 5, this being regu- 
lated by a screw at the back of the ladder. As to speed of 
working, ten blows a minute, with a fall of 8 ft., can be got 
without difficulty ; the machine is made in two sizes, having re- 
—"* 15 and 20 cwt. monkeys, the height being from 20 up 
to 35 ft. 

It sometimes happens that pile-drivers have to be worked on 











soft yielding ground, such as is to be found on river banks, 
marshy places, and the like, no firm ground being present to 
support a heavy machine ; and to meet such conditions a form 
of this pile-driver is made which consists simply of a bulk of 
timber capable of supporting the weight of the ram, and the 
endless chain working from bottom to top in front of it. The 
steam power is then placed, even 200 ft, off, on firmer ground, 
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and the chain led to it over porter pulleys from the driver, the 
chain runs over the pulleys with such little resistance that small 
loss of power is entailed by such a mode of working ; no turn- 
tables or castors are required for this form of the machine, con- 
sequently they are less costly and appear to us to be well suited 
for colonial work. Fig. 6 illustrates a hand-power driver. Fig. 





7 shows a “ ringing” engine or apparatus for driving small piles, 
up to 8 or Ioin. square, or for sheet piling ; this machine works 
on somewhat the same principle as that adopted in taking small 
parcels out of a ship’s hold, viz. keeping a barrel constantly ro- 
tating and taking two or three turns of the lifting-rope round it ; 
when this is drawn tight the monkey is lifted, a man hauling 
away the slack, and when the rope is slacked off, the barrel no 
longer bites it, and the monkey falls ; the monkey weighs 3 to 
4 cwt., and the machine is from 15 to 25 ft. high. 


=| MPERMEABLE PaAPER.—By plunging a sheet of 
} paper into an ammoniacal solution of copper for an 
instant, then passing it between the cylinders and dry- 
ing it, it is rendered entirely impermeable to water, and 
may even be boiled in water without disintegrating. Two, three, 
or any number of sheets thus rolled together become perma- 
nently adherent, and form a material having the strength of 
wood. By the interposition of cloth or of any kind of fibre 
between the layers, the strength is vastly increased. 
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THE LAMBETH POTTERIES. 


MONG the effects of the art revival which has 
undoubtedly taken place of late years, there is one 
which is well worthy of more notice than it has 
received, namely, the introduction of Lambeth 
stoneware into the class of art materials. For 
JSS} long its employment was restricted to articles 
as far as possible removed from the artistic. Drain-tiles and 
pipes are, perhaps, as potent agents of civilization as the 
most beautiful productions of the potter’s art, but they are 
emphatically useful rather than ornamental. So with all the 
other articles made of the same materials. Their uses are 
infinite, but till of late nobody ever thought that they could be 
made beautiful. This, however, is all changed now, and it has 
been found possible, by the application of artistic design, to 
produce, from this common and coarse material, objects of a 
form and beauty that rival the most delicate works of our own 
or foreign potteries. 

Such an introduction of a new art—or rather, as we shall 
show, revival of an old one—is well worth notice. As, how- 
ever, this latest development of the potter’s art is entirely due 
to a single London firm, that of Messrs. Doulton, of Lambeth, 
it may perhaps prove not altogether uninteresting if we preface 
our account of artistic stoneware with a brief sketch of their 
ordinary manufacture. As Messrs. Doulton are, it may fairly 
be said, at the head of the trade, any description of what they 
are at work upon may serve to give a good general idea of the 
present condition of the manufacture itself. 








To begin with, it is not very easy to give a precise definition of © 


stoneware. The different kinds of earthenware graduate, so to 
speak, into one another, so that it is impossible to say exactly where 
one ends and another begins. Stoneware generally consists of 
plastic clay, with a mixture of felspathic mineral, sand, cement, 
&c. Marryat, in his “ History of Pottery and Porcelain,” says : 
“Stoneware is a densely-baked earthenware, formed of clay 
mixed with sand and glazed with salt. It exhibits when 
broken a close grey texture, is somewhat vitreous, resists the 
action of fire, and is impermeable by liquid.” According to the 
definition given in the official hand-book to the Exhibition of 
1851, “ Stoneware is a dense and highly vitrified material, im- 
pervious to the action of acids, and of peculiar strength ; it 
differs from all other kinds of glazed earthenware in this 
important respect—that the glazing is the actual material itself 
fused together.” With respect to both the above definitions, it 
may be noted that though the glazing is nearly always effected 
by means of salt, yet that stoneware is sometimes glazed with a 
mixture of “ Cornish stone” (decomposed granite) and ground 
flint in water. Into this the articles are dipped in the usual 
manner, when “green,” and before firing. The way in which 
the salt acts is well known. It is vaporized by the intense 
heat, and as the vapour is dispersed throughout the kiln, where- 
ever it meets the ware, a decomposition ensues, and a film of 
glass is formed by combination of the silica in the clay with the 
soda. At the same time, if there is any iron existing in the 
clay, it is oxidized and brought to the surface, where it produces 
the shade of colour noticeable in some ware. According to the 
received authorities, salt glazing was introduced about 1690, in 
Palmer’s pottery, at Bagnall. Previous to that period a lead 
glazing had been used, but it is said that the discovery of the 
effect of salt was made accidentally, from some brine having 
been evaporated and the salt burnt in a common earthenware 
pipkin. Its advantages from an artistic point of view are, that 
it is so thin as not to spoil the effect of the finest line on the 
ware, while it is so hard as to be practically indestructible. 

It is a curious fact, remembering the wonderful extent to 
which human labour has in other manufactures been superseded 
by machinery, that, as far as his mechanical appliances are con- 
cerned, the potter owes almost nothing to recent invention. The 
wheel, by the aid of which the most elaborate productions of 
our modern workshops are wrought, is identically the same as 
that on which the Etrurian potter moulded his antique vases, or 
that which served the Egyptian in his yet more ancient craic. 
It claims, and with apparent justice, to be the most ancient of 
human inventions, yet it has kept its place unaltered, all but 
unimproved, in an age of machines. In his wanderings in 
Africa, Sir Samuel Baker found a tribe who fashioned their 
earthen utensils on a wheel, though they had not yet discovered 
the hardening effect oi fire, while others baked rude jars, which 
they only knew how to shape with their unaided hands. 

Moulds, again, precisely like those now employed, were used 
by the earliest workers in the art. Stone moulds have been dug 
up near Rome and elsewhere, which were used as similar appli- 





ances now are, both for shaping whole utensils and for forming 
small ornaments and appendages to be afterwards attached to 
larger vessels. 

The result of these facts is that a visitor to a modern pottery 
finds but little of the elaborate machinery which fills factories 
of a different class. Ranged round the various kilns on different 
floors are a number of wheels, each with its workman and one 
or two attendant boys, or the sets of tables, at which the moulders 
work, All that modern ingenuity has done for the potter’s 
wheel is to turn it by steam, as is, of course, the case in all our 
present potteries. The striking feature of modern pottery lies 
in the innumerable applications of it to the requirements of 
modern life. It is, of course, only with the productions of the 
Lambeth potteries, which are mainly of stoneware and terra- 
cotta, that we are at present engaged, so that all the countless 
utensils manufactured from the other varieties of earthenware 
(using this term in its generic and most comprehensive sense) 
do not come within the scope of this article. 

As a kind of rough classification, it may be said that besides 
the artistic and ornamental application of stoneware and terra- 
cotta, there are three classes of wares made by the firm with 


Fig. 1. 














STATUE OF SIR JOHN CROSBY IN TERRA-COTTA. 


whose productions we are principally engaged — chemical, 
sanitary, and general miscellaneous wares. All of these are 
made in precisely the same way and of the same material. 
They differ only in shape and application. As regards the 
more artistic portions of the manufacture, terra-cotta is here 
used for architectural and horticultural decorations ; and the 
fine ornamented stoneware is formed into jugs, vases, pots, &c., 
of different sorts. ‘ 
In the chemical wares the chief effort has been to produce in 
stoneware vessels and various manufacturing anenences, of shapes 
for which it does not at first sight seem specially suitable. It has 
the invaluable quality of resisting strong acids, and this alone 
has been the reason why a great amount of ingenuity has been 
devoted to this special branch of manufacture. Thus, besides 
jars and bottles of every shape and size, there are funnels, per- 
colators, &c., and what are considerably more complicated, 
stills with retort, head, worm, and receivers, all of the same 
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ware, and all fitted together with the most perfect accuracy. A 
yet more elaborate piece of work is one of the acid pumps, each 
separate portion of which—plunger, cylinder, valves, &c.—is 
composed of stoneware. A remarkable and noteworthy appli- 
cation of the same material is given by the taps, also for use 
with acids, alkalies, bleaching liquids, and the like. These are 
made of the ware turned after being firsf thrown, then finished 
by hand, and ground after firing. These instances may serve to 
show how exact and elaborate are the productions of this cha- 
racter. Indeed, it is not too much to say that our manufactur- 
ing chemists owe a very great deal to the energy and ingenuity 
of our potters, who have always shown themselves capable and 
ready to supply any of the requirements demanded. While 
speaking of the chemical wares, it may be worth mention that 
Messrs. Doulton turn out a large number of crucibles and pots 








in plumbago and fire-clay, muffle and other furnaces, &c., for 
metallurgical and other purposes. 

The sanitary wares are produced in greater quantity, if not 
with more variety of character. Messrs. Doultons’ house alone 
turns out drain-pipes at the rate of twenty-five miles a week. 
This manufacture offers one‘ of the few instances in which the 
old potter’s wheel has been superseded. To build up a long 
pipe on the wheel was a difficult and tedious operation, and one 
that is now never used. All drain-pipes are now made by a 
machine whose action is precisely similar to that of a machine 
for making lead pipes, except that, in the latter, the pipe is 
generally driven upwards, and is wound on a drum above the 
machine, whereas, in the former, the clay pipe is forced down 
and received in lengths, such that they will conveniently stand 
on end, The clay is forced out of a suitable receptacle by a 


** AMAZON” VASE IN TERRA-COTTA, IN THE INTERNATIONAL EXHIBITION, 1871. 


piston through an annular opening, the centre of the ring being 
occupied by a mandril projecting through the middle of the 
mass of clay. Each plate or die generally contains three of 
these apertures, so that three pipes are formed at each descent 
of the piston. These are received on a board supported on a 
rising and falling platform, which is situated under the clay 
receptacle, and descends with the piston. As the required length 
of pipe is formed, it is cut off and set aside till a sufficient num- 
ber are collected, when they are removed to the kilns. : 

No one who has any knowledge of sanitary matters requires 
to be told how great an improvement is the modern drain-pipe, 
with its smooth impervious surface, on the old porous brick 
drain, whose rough sides made it easy for obstructions to lodge 
and choke up the passage. For some time it was found that 
there was difficulty in making water-tight joints between the 
sections of pipe; but this difficulty has been overcome by 





moulding on the ends of each length a ring which fits accurately 
into a similar ring in the socket of the next length. For pur- 
poses of examination, some of the lengths are made with a lid 
along their tops which can be removed. 

Gullies, specially intended for sewage irrigation, are also made 
of this material, as they will not hold any of the refuse and 
allow it to putrefy. Experiments have proved that fresh sewage 
flowing along conduits has little or no smell ; but that when 
mere trenches are used for irrigating, portions of the sewage 
are deposited, and a putrefactive action at once set up. 

It would, however, be an endless task to enumerate the 
various sanitary appliances for the construction of which 
stoneware, and such closely allied materials as the stone-china 
called “ Queen’s ware” are suited. The smooth, hard surface, 
which can easily be made perfectly clean, the readiness with 
which it can be adapted to almost any form, and the solid 
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Mr. Sparkes gives an account of a visit to one of the old 
seats of the ancient manufacture, which shows that the art, 
though woefully degenerated, is not even yet quite extinct. 

“There is,” he says, “a potter's village at Hoehr, on the 
opposite bank of the Rhine from Coblenz, and north of Ehren- 
breitstein, whence come shiploads of butter-pots, Seltzer-water 
bottles, pitchers, and the numberless and miscellaneous wares 


Fig. 5. 














ANCIENT GRES DE FLANDRES. No. I. 

that are sold in Holland, Belgium, France, and Switzerland. 
The clay is found in hollows, a few miles further inland from 
the Rhine than the pottery. Very primitive kilns still abound, 
some horizontal, some vertical, all fired with wood as fuel. The 
wheels of the throwers are for the most part hand-driven, some 
are moved by the feet of the thrower, none by machinery. 
The decoration of the ware is done by the wives and daughters 








ANCIENT GRES DE FLANDRES. No. 2. 
of the workmen, and it is either scratched with a reed, stamped 
with a tin stamp, such as confectioners use for pastry, painted 
with traditional patterns in cobalt, or ornamented by a combina- 
tion of all these at once. The scratching-in of the pattern 
before the application of the colour is seldom done now, except 
in cases where the ware is made for special markets.” 

The recent revival of art led some connoisseurs to attempt to 
resuscitate the ancient Rhenish manufacture, and with this 


intention they sent some specimens of the old pottery to the 
above-mentioned place, Hoehr, for reproduction. The German 
workmen set about the task in a very matter-of-fact way, by 
taking moulds from the old ware, and using them to fashion 
their new vessels. The result was, as might have been ex- 
pected, a number of spiritless imitations, which had a certain 
sale as spurious antiques, but nothing better. On exposing 


Fig. 7. 





MODERN GRES DE FLANDRES, No. tf. 


some of these wretched things to the heat of a kiln they all fell 
to pieces. 

One of the beauties of the old ware is the warm, clear tones 
of its grey and blue, and this it has been found impossible to 
reproduce in the modern ware. Experiments on the old ware 
itself, as well as on the raw clay, seem to show that this tint can 
never be obtained except by firing with wood. If the experi- 
ment has not yet been tried, we would suggest to Messrs. 


Fig. 8. 





MODERN GRES DE FLANDRES. No. 2. 
Doulton that they should see what the result of a firing with 
wood would be. 

Until the experiments of Messrs. Doulton it does not appear 
that any attempts to produce the Grés de Flandres have ever 
been made in England, and it has been noticed above that the 
manufacture has long since died out in the country of its origin. 
Fine stoneware of a different sort has of course been produced in 





abundance in this country. The Wedgwood ware is of this 
































350 


THE PRACTICAL MAGAZINE. 





character ; but the productions we are now describing are quite 
new in England, and have not been made anywhere else for 
some two hundred years. That such a development of the 
manufacture should arise in Lambeth is historically proper, for 
though it must be admitted that Lambeth has never been 
remarkable for artistic productions, it must be remembered that 


Fig. 9. 





MODERN GRES DE FLANDRES. No. 3. 

this suburb was the earliest seat of the stoneware manufacture 
in England. Mr. Chaffers, in his book on “ Pottery Marks and 
Monograms,” informs us that about 1650 some Dutch potters 
settled in Lambeth, and these he believes to have been the 





MODERN GRES'DE FLANDRES. No. 4. 

workmen of John Ariens Van Hamme, who obtained a patent 

in 1676 for making “tiles and porcelane and other earthern- 

wares after the way practised in Holland, which has not been 

anon in this our kingdom.” By degrees the manufacture 
came important, and not long after the establishment of the 


first pottery the village—as it was then—possessed no less than | 


twenty factories. Here were made the glazed pottery and tiles 











used in London and various parts of England. One of the 
principal staples was a sort of Delft, and comprised such 
articles as white bottles for wine (then sold by apothecaries), 
apothecaries’ slabs for mixing pills upon, and such like inartistic 
productions, Till about the middle of the last century the trade 
went on flourishing, but by that time the Staffordshire potteries 
were gaining strength, and by 1780 or 1790, the latter had 
completely driven their Lambeth rivals from the field by the 
superior quality and greater cheapness of their wares. Since 
the early part of the present century, Lambeth has again been 
coming to the front, but it is almost solely in regard to utilitarian 
wares that it showed any excellence, until the introduction of the 
modern Grés de Flandres or “ Doulton” ware. 

This ware as now made is first “ thrown ” on the wheel in the 
usual way, and then when “green hard” it is “shaved” or 
turned in a lathe. Both these operations require a very high 


Fig. 11. 





PILLARS IN ORNAMENTAL STONEWARE. 


degree of skill in their performance, as on them depends entirely 
the form and outline of the piece. Unless this is satisfactory 
all the after decoration is worse than thrown away, as it only 
serves to attract notice to an insipid or inartistic shape. The 
process of decoration may be accomplished in various ways, the 
principal of which may be said to consist in scratching in 
outlines, or adding moulded ornaments. By the former process 
sgraffiato effects are obtained, outline sketches of animals, 
figures, &c., being made on the ware, and colour afterwards 
rubbed in. Deeper cuts, or incised lines, may also be used, and 
the ware may be dipped with a “slip” or coating of white 
colour, so that by paring away the outside in parts, or cutting 
lines through it, the natural colour of the clay below is shown. 
Figs. 5 and 6 are illustrations of this style of treatment. Of 
the second method figs. 7 and 8 are in the main examples. 
Here small embossed pieces, moulds, wreaths, &c., are fixed on 
the ware in various patterns, outline effects being also intro- 
duced. A variety in this last named style is produced when 
the bosses are of a material that will burn away, leaving only a 
level mark on the ware. By this means a sort of inlaid effect is 
produced. It is hardly necessary to say that all the above 





30SSES IN ORNAMENTAL STONEWARE. 


methods can be combined or used together as seems desirable, 
and a vast field of variety is thus opened to the artists. How 
infinite this variety may be, can be judged from the fact that 
two of the modellers in Messrs. Doultons’ pottery have made 
more than 9,000 pots, all different and all original. — 

An application of the same ware to mural decoration has been 
proposed, though we are not aware that any has yet been thus 
employed. Pillars, bosses, columns for windows, and other 
such architectural ornaments have been made, and it is proposed 
to employ these in conjunction with terra-cotta, much in the 
same way as marble or granite is now used in connexion with 
stone. An example of this sort of decoration was shown at the 
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Society of Arts on the occasion above mentioned. It was a 
design for a wall-fountain. In the centre was a circular bas- 
relief in white terra-cotta representing a figure bearing a 
pitcher. This was surrounded by a framing of red terra-cotta, 
against which, on each side, was a pilaster of the blue and brown 
stoneware. A narrow beading of the same material also marked 
out the line between the two coloured terra-cottas. The chief 
advantage claimed for this material is its absolute indestructi- 
bility by weather. It resists the strongest acids, and is in truth 
everlasting. As examples of the mode of treatment, a couple of 
pillars and two bosses of this ware are figured. 

Another recent art-manufacture at the Lambeth potteries 
consists in the production of mural tiles, made of a very white 
clay. The manner in which the tiles are formed in a press has 
been above described. On the smooth surface, formed by the 
dies, painting of the greatest delicacy can be executed. The 
permanence of this work is its great recommendation, for the 
thin film of hard glass over the drawing preserves it from change 
of any sort, while it does not prevent the finest lines from 
having their full effect. Another method of decorating these 
tiles is by sgraffiato work, the same as applied to the stoneware 
pots before mentioned. The painted ware has been entitled 
“ Lambeth faience,” a term not strictly accurate, inasmuch as 
the word fazence simply means crockery. It is now, however, 
generally understood to mean painted and highly decorated 
ware of this sort. 

In all this work the whole success depends upon the skill of 
the artists employed, and in this respect the great Lambeth 
firm are fairly to be congratulated. That a firm of manufacturers, 
long known merely for the vast amount of the articles turned 
out, and the mechanical skill which they applied to the pro- 
duction of about as commonplace and inartistic a result as can 
be imagined, should thus have turned their attention to a branch 
of the highest art-work is very greatly to their credit. It is, 
however, more than this, it is a sign of the growth of an educated 
and cultivated taste. It is a great thing to see that in one trade 
after another, while the practical demands of an ever-growing 
and complex civilization are fulfilled as they arise, there is a 
steady and increasing tendency towards the purest and the 
noblest styles of art-work. It is not possible but that while 
our manufacturers are all trying among themselves who can 
most readily introduce into his productions the greatest amount 
of beauty, both in form and colour, we should feel in every class 
the humanising influence of that beauty. There is no healthier 
sign in modern life than the universal demand for works of art 
and artistic shapes in furniture and all the objects which sur- 
round our daily life. To those who watch for opportunities of 
applying to fresh material new forms of beauty, our sincerest 
thanks are due, and among them must be reckoned those who 
have brought to a very high degree of perfection what is prac- 
tically a new branch of the potter’s art. 


SCHEMES FOR CONVERTING PEAT INTO FUEL, 


had risen to an extravagant height in Great 
Britain, the Government were besieged with 
entreaties to “do something” in the. matter, 
\A} though what that something should be was a 
question whereon opinions widely differed. Among 
other things, a statement was made that the United States of 
America could supply an almost unlimited quantity of peat-fuel 
at a cheap price, if measures were taken to foster such a trade. 
A report obtained by the Government, in response to inquiries 
on the subject, we shall notice presently. Meanwhile a few 
general observations may not be inopportune. 

Taking the whole area of the United Kingdom, it is esti- 
mated that there are not less than 6,000,000 acres of peat- 
bog, varying from 3 ft. to 27 ft. in thickness or depth. This 
peat is usually a spongy mass, formed by the decomposition 
of plants in marshes and other moist places. Sometimes the 
forms of the plants, such as mosses, reeds, rushes, ferns, and 
heaths, are well preserved; while in other instances the mass 
has become so liquefied as to render identification difficult or 
even impossible. Whether oaks, firs, and other trees have been 
converted into peat, or whether peat has simply collected around 
their roots, has not been quite determined. One thing is cer- 
tain, that in some instances the peat is under the roots, in others 
over them, and in others enveloping them above and below and 
around. Many bogs havea green and compact vegetation on 
the surface ; while some are a mere floating mass of long inter- 








laced vegetable fibres; and the substance itself varies almost 
from liquidity to dryness. 

While naturalists have been speculating on the origin of peat- 
bogs, practical men have sought for means to apply the peat 
itself to useful purposes. Praiseworthy endeavours to this end 
have been made in Ireland ; and it is much to be regretted that 
they have not been commercially successful. When the late 
Earl of Clarendon was Viceroy of Ireland, he commissioned Sir 
Robert Kane to inquire and report upon the practicability of 
utilizing the peat-bogs of that country, estimated to cover little 
less than 3,000,000 acres. It appeared that an Irish Peat Com- 
pany had been formed, to work a patent taken out by Mr. Reece, 
for obtaining fuel and other useful products from peat. Mr. 
Reece was able to extract, from 1,000 parts of Bog-of-Allen 
peat, by destructive distillation, 11 parts by weight of sul- 
phate of ammonia, 7 of acetate of lime, 2 of wood naphtha, 
1 of paraffin, 7 of fixed oil, and 3 of volatile oil. The whole of 
the peat was decomposed in this operation, leaving nothing to 
make into fuel or charcoal. Sir Robert Kane found these results 
really obtainable ; but when he came to inquire into the commer- 
cial aspect of the question, he could not satisfy himself that there 
had been an adequate profit on the undertaking. The subse- 
quent abandonment of the enterprise proves pretty clearly that 
it was not a financial success ; that the cost of the process was 
too great for the market value of the products. If anything 
effectual could be achieved in this way, the benefit would be 
great ; for there are estimated to be 4,000,000,000 tons of bog- 
peat in Ireland ; and if these bogs could be thus cleared, there 
would be 3,000,000 acres of surface rendered available for pas- 
ture if not for corn-growing. 

It is by conversion into fuel, however, that the utilization of 
peat has been mostly attempted. The modes of doing this are 
many. In Holland, peat is dredged up in the form of mud from 
a considerable depth under water, and brought in boats to land, 
where it is spread over flat ground to the depth of 6in. When 
much of the water has drained away, men compress the peat by 
treading it with flat boards fastened to the soles of their feet ; 
and it is then cut by spades into blocks about 8 in. long by 5 in. 
in width. These blocks or “ peats ” are set up on edge, and left to 
dry under shelter. No baking or firing is used ; almost the only 
expense is for men’s labour. The supply of peat-mud at the 
bottom of shallow water is, however, becoming exhausted ; and 
Holland has now little of this kind of fuel to depend upen. At 
the other extreme of the plans, where the manufacturer is willing 
to spend more capital in order to produce a harder fuel, we find 
that which was patented some years ago by Mr. Wye Williams, 
managing director of the Dublin Steam Navigation Company. 
The peat, when dug up, was triturated under revolving edge- 
wheels ; deprived of most of its moisture by hydraulic pressure, 
dried, and converted into a kind of cakein heated retorts. The 
artificial fuel was made by combining this peat cake with melted 
pitch and resin. Another failure of well-meant endeavours for 
developing useful industrial enterprises in Ireland was that of 
the Irish Amelioration Society.. The scheme was for converting 
peat into charcoal. The charcoal, obtained by a series of pro- 
cesses for drying and charring, was found to be valuable not 
only for smelting-furnaces but also as a deodoriser. Around 
each charcoal factory a rim of cottage-gardens was gradually 
formed ; and the land, relieved from the load of otherwise unpro- 
fitable peat, produced useful crops. Unfortunately the expense 
of effecting all this was so large, that nothing now remains of the 
enterprise, except a few very small concerns. Similar failure 
attended the exertions of a company formed for the conversion 
of Dartmoor peat into charcoal ; the charcoal was made, but the 
expense of producing it was too high. 

Where coal cannot be obtained except at a heavy cost for 
carriage, peat-fuel may be a boon even though not of first-rate 
quality. This is being put to the test in Sutherland and 
Caithness, where the extreme northernmost link in our chain of 
British railways has just been completed, mainly through the 
energy of the Duke of Sutherland. The “Times,” in a de- 
scription of the works for developing the resources of that little- 
known region, speaks of the new enterprise for utilizing the vast 
stores of bog-peat found there. “ The peat industry has not at 
present passed beyond the experimental stage ; but when we 
consider the state of the coal supply, the possible existence in 
Scotland and Ireland of an inexhaustible source of fuel becomes 
a matter of material importance. The peat, dried in blocks in 
the ordinary way, forms an efficient household or furnace fuel ; 
but its usefulness is limited by its bulk. At Forsinard, on the 
new railway, the Duke of Sutherland has set up a factory for the 
preparation of peat, and has placed it in the charge of Mr. Kidd, 
who has brought much thought and ingenuity to bear upon the 
subject. He has constructed a furnace of a novel character, 
which burns peat in a half-dry condition, and which, although of 
very large size, affords heat enough to carbonize large quantities 
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of the same peat in an ordinary chamber, and to convert it into 
charcoal of a very fine quality, said to be worth £4 perton.” If 
we understand this aright, it means that besides making peat into 
useful fuel in the furnace, he also obtains heat enough to convert 
another portion of the same substance into charcoal. But this, 
like all other schemes for utilizing peat, must be left to tell its 
own story in its results. Some inventors insist on the necessity 
of employing pressure and heat in order to impart to the peat 
the firmness and solidity desirable in good fuel ; while others 
contend that money is thrown away by such elaboration, and 
that better profit might be made by selling simply dried peat at 
a low price than by expecting a high price for peat compressed 
and kiln-dried. These are the two poles, the two extremes, 
towards one or other of which all the various schemes gravitate. 
It is useless to regret this indecision. The history of industrial 
progress is full of illustrative instances, showing that in what- 
ever way science and art may determine, experience alone can 
prove which processes are commercially most successful. 

The columns of the “ Practical Magazine” contain descriptions 
of some new processes which have been introduced for converting 
peat into useful fuel. By giving volume and page in each in- 
stance, we Shall enable the reader to look out the full details for 
himself ; and need only say a little here by way of reminder. 
In vol. i, p. 49, an account is given of Count de Diesbach’s 
proposed plan for digging and raising peat. The plan is a 
singular one. A sheet-iron punt or boat, about 50 ft. long by 
12 ft. broad, is anchored on the peat-bog itself ; a steam engine 
on board works a gigantic spade, which in its descent cuts off a 
mass of peat, and in its ascent throws the peat into a funnel. 
The peat, when well mixed in a kind of pug-mill, is pumped 
up and transferred to the dry land, where it is compressed 
and dried. There are extensive peat deposits near the 
river Leitha, in Hungary and Austria; and a hope is enter- 
tained that the peat-fuel thus obtained may be available in- 
stead of coal, which is very expensive in that region. In 
the same volume, p. 219, Messrs. Clayton and Howlett’s plan 
is fully described, as carried on in the Harrow Road. As 
peat of average quality contains a large percentage of water, 
a problem always to be solved is whether this water shall be 
removed before or after the manufacture of the substance into a 
form suitable for fuel. Messrs. Clayton and Howlett adopt the 
former of these two modes ; and their machinery for doing it is 
certainly elaborate- and costly, requiring much steam-power to 
put it in action. Perforated squeezing trucks ; a piston worked 
by a screw or lever ; a revolving shaft armed with a series of 
screw blades, working within a masticating vessel; a propelling 
screw revolving in a horizontal cylinder; discs and cutting 
blades to work against the screw ; a travelling apron of laths ; 
and cutting wires fixed in a frame—these cannot be maintained 
in action without a good deal of steam-power. It is admitted 
that the blocks of fuel produced are excellent, after the processes 
of squeezing, draining, masticating, triturating, disintegrating, 
pulping, spreading, cutting, and drying; but as it takes 50 
tons of wet peat to make Io tons of dry fuel, it becomes a ques- 
tion whether steam power and hand labour will not prove too 
costly. See some remarks on this point in our article in vol. ii., 
p. 91; a clearly-engraved wood-cut is given, showing the prin- 
cipal parts of the Clayton and Howlett machine; together 
with additional particulars concerning the modus operandi. In 
vol. iii., p. 271, will be found a statement of results obtained 
on one of the Irish railways, with peat instead of coal or coke 
as fuel. The locomotive engineers found that 21°47 lbs. of the 
former raised steam for one mile of running, against about 26 lbs. 
of coal, thereby showing an advantage on the side of peat. 
Another experiment related to the products from peat, as com- 
pared with those from coal, made at one of the London gas- 
works. Here it was shown that, with three varieties of peat- 
fuel, the coke produced per ton varied from 7 to 8 cwts.; 
while from nine kinds of English and Scotch coal it was from 
6 to 17 cwts. per ton. Estimated in gas instead of coke, it 
appears that one ton of peat produced gas equal in quantity 
and illuminating power to an amount of sperm candles varying 
from 562 to 849 lbs. ; while from one ton of coal it varied from 
302 to no less than 2,220 lbs. of sperm candles. For detailed 
particulars we refer to the article cited. Lastly, in p. 156 of the 
present volume, the reader will find an account, illustrated by 
wood-cuts, of L’Oiseau’s machine for making artificial fuel, as 
worked in America. Peat may be used as one of the ingre- 
dients ; but the main purpose of the system is to utilize the 
vast accumulations of waste or slack at the Pennsylvania coal 
mines, by mixing it with common yellow clay and milk of lime. 

Other processes, some new and some old, may be passed over 
without much comment. They comprise every degree of com- 
plexity, from simple drying to elaborate preparation. The 
every-day Irish plan, by which the cotters and country people are 
supplied with most of their fuel, is about as simple as any. A 





portion of bog is partially drained by a wide open drain ; about 
6 in. of coarse undecomposed vegetable matter is removed 
from the surface with a spade; and the peat is cut out in 
flattish brick-shaped pieces by means of a s/ane or peat-spade, 
having a long narrow blade with a tongue set at right angles to 
one side of it. These soft bricks, “ peats,” or “turfs,” are finally 
set up on edge to dry. 

We must now pay a little attention to a matter adverted to 
in our opening paragraph—a report concerning the available 
deposits of peat in the United States of America. This report 
arose out of a circular sent by Earl Granville, when Secretary 
of State for Foreign Affairs, to the British consuls in many of 
the principal cities of the States. The Under-secretary, in for- 
warding copies of this circular, said:—“ The attention of Her 
Majesty’s Government has been recently drawn to a statement 
from a private source, to the effect that peat, available for fuel, 
is found in considerable quantities in various parts of the 
United States ; and that operations are being undertaken for 
the collection of that article, which, it ‘is estimated, may be 
supplied at a price far inferior to that of coal. I am directed 
by Earl Granville to instruct you to furnish his lordship with a 
report as to the production and preparation of peat for fuel within 
your consular district.” 

We will summarize the information sent home by the consuls ; 
giving first, in a brief form, details obtained from the northern 
states, and then from the middle and southern. 

Concerning the State of Maine, Mr. Murray, consul at Port- 
land, says that peat exists in large quantities thereabouts ; that 
companies have been formed at different times for utilizing this 
article for domestic purposes, but that all had resulted in 
failure. This failure has been due not to the bad quality of the 
peat, but to the low prices of wood and anthracite coal, the 
former of which is especially abundant and near at hand. 
Unless sold very cheaply, the peat fuel could not find a market ; 
because, when used for domestic purposes, although it gave out 
a steady heat, it deposited a very large quantity of ashes ; while, 
when burned in locomotives, it was found to be dirty, and its 
action not quick enough in raising steam. The usual mode of 
preparation adopted by the companies was to cut up the peat 
into blocks and dry it in the sun, occasionally mingling it with 
anthracite coal-dust. Thus dried, it could be sold at the bog 
edge for 5s. to 7s. per cord of 128 cubic feet ; but carriage to 
other districts would be very costly. Whether an excessively 
high price of coal in Maine would open a profitable market for 
this peat fuel, is a problem not yet solved. In the other New 
England states of Massachusetts, Vermont, and New Hampshire, 
peat in fair quality exists in large accumulations. During the 
Civil War, when coal rose greatly in price, this peat was much 
used as fuel, both for domestic purposes and in manufactories ; 
but the demand fell off when the normal state of affairs returned. 
A manufacturer, who used peat in his own furnaces, and had 
erected machinery to dry and compress it, abandoned it after 
a time as unprofitable; he found it actually cheaper to use 
coal at 16s. per ton, with 12s. extra for carriage. It must, we 
conceive, have been very bad peat, to lead to such a result as 
this; the difficulty of drying and compressing it was never 
thoroughly overcome. 

Passing down now to the middle states of the Union, we learn 
that peat-bogs exist in New York, Connecticut, Rhode Island, 
and adjacent states. At White Plains, New York State, there 
is a body of 30,000 acres of peat, containing 60 per cent. of 
bituminous matter. In Ulster County, there is peat thick 
enough to yield 10,000 tons of peat-fuel per acre, and large 
enough in area to yield 3,000,000 tons. There is here the same 
difficulty, however, as further north ; unless coal is exceptionally 
dear, the peat-fuel cannot find a market at a price that will yield 
a sufficient profit, after defraying the cost for drying and com- 
pressing. So much fuel-heat of some kind or other is required 
to evaporate the large amount of moisture, and so much motive 
power to compress the soft substance into one-fifth of its 
original bulk, that the outlay becomes too heavy. During the 
Civil War (1861-1865) coal became so scarce and so costly, that 
nearly fifty peat fuel companies started up prepared to sink a 
large amount of capital. One and all failed, involving the 
shareholders in immense loss ; the market price did not for any 
lengthened period yield a sufficient profit. Consul Archibald 
describes the processes adopted at a newly-established peat-fuel 
factory on the Hartford and New Haven Railway. Peat, dug 
from a bog of 75 acres, is raised a ton at a time by a steam- 
dredge, and deposited in iron tubs with perforated bottoms; the 
water drains through the perforations, while the tubs are being 
moved to an elevated platform by means of two horse-derricks. 
Discharged on the platform, the peat falls through openings, and 
is conducted by an archimedean screw to a mill, where revolving 
knives convert the fibre and moisture into a thick paste; this 
paste, falling into a hopper, passes through it into moulds, which 
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travel along a wooden tramway as fast as they are filled. The 
moulds are lifted into cars and conveyed to a drying ground, 
where the peat is turned out and left on the grass to dry. 
Neither pressure nor fuel-heat is employed in this system. The 
selling price of this peat is 5 dollars, or about 20s., per ton. 
When tried in locomotive furnaces on the New York railways, 
it is found to be about equal in cost to coal per mile run, “and 
much more than the cost should be on the railways of the coal- 
producing states.” This, it must be confessed, is not a very 
favourable result. Scarcely any peat exists in Pennsylvania, 
and even if there were extensive deposits, little inducement 
would arise to work them, owing to the abundance of anthracite 
coal. Peat-beds are found in the states of Illinois, Wisconsin, 
and Michigan ; attempts have been made to work them at times 
when the price of coal was exceptionally high ; but the wages 
of labour are too great to pay for the cost of cutting and prepar- 
ing, the charge for freight is too heavy, and there is alwaysan 
abundance of cheap wood fuel. In Indiana, where there is no 
anthracite,and wood is becoming scarce, peat-fuel may eventually 
command a remunerative price ; but the time for this is not yet 
come. Peat-fuel has been used at the college of Notre-Dame, 
Illinois ; and in reply to a letter from Consul Kortright, the fol- 
lowing information concerning it was obtained from the prin- 
cipal, Father Lemonnier :—“ We have used from 600 to 800 
tons of peat every year for six years, and our experience of it 
during this period obliges us to give it up for economy’s sake, 
coal being cheaper. <A ton of peat costs 4 dol. soc. (about 
18s. 6d.) at the college. A ton of coal of good quality is equal 
to 25 tons of our peat. In other words, our peat contains 30 
per cent. of combustible matter, while coal of the best quality 
contains 80 to 90 per cent. A ton of our peat, which is far in- 
ferior to the peat found in Ireland, is not better than a cord of 
wood of good quality. I think it was remarked by our fireman 
that 600 tons of peat made 200 tons of residue. Our peat-beds 
vary from 4 ft. to 7 ft. in thickness.” 

Lastly, in reference to the Southern States, it appears that 
though peat is abundant in some of the tide-water districts of 
the State of Maryland, it is used solely as manure. The 
“Dismal Swamp,” situated partly in Virginia and partly in 


have been formed at different times to work the t; one col- 
lapsed very soon; the other dried and sold a little peat fuel, 
and then withdrew for want of funds. The roots of huge juniper 
and cypress trees are above the peat in this swamp, and their 
removal entails a heavy cost for labour. In South Carolina, 
extensive beds of peat are left almost entirely untouched. The 
city of Charleston uses chiefly Pennsylvania coal; while in the 
country districts wood fuel is so abundant that it can be pro- 
cured at an expense little above the cost of cutting and hauling. 
Peat cannot maintain a market against wood obtained so 
cheaply as this ; and no companies have thought it worth while 
to rely on a possible demand in Charleston only. In Alabama 
and Florida, such peat as is known to exist has seldom been 
used for fuel, and never brought to market for sale. The peat 
is not equal in quality to Irish. Being coarse and open, it will 
not bear handling without crumbling to pieces ; nor will it bear 
the expense of compression by machinery, in a region where 
wood-fuel is plentiful and cheap. In Mississippi, a little coal is 
used to supplement the fuel demand at New Orleans ; but as 
wood can be obtained almost at the doors of the users, for little 
beyond the expense of cutting, no one troubles about preparing 
peat as fuel. 

It thus appears, from the testimony of the British consuls, 
that the United States are not likely to send peat-fuel to the 
European markets. 

In the above notices we have estimated the dollar as specie, 
worth about 4s. 2¢d.; but there is some reason to think that a 
paper dollar of about 3s. 6d. is meant. 

The sum-total of the information which we have thus collected 
and set forth cannot be regarded as altogether satisfactory. 
Notwithstanding the millions of acres of nearly useless bog in 
the civilized world, and the thousands of millions of cubic yards 
of peat contained in them, little has yet been effected towards 
rendering the product valuable. It cam be done ; but except 
in a country where labour is cheap, the expense of doing it is 
too great to lead to the commercial success of enterprises for 
this purpose. If the more recent schemes, such as those 


already cited in our past volumes, should lead to better results, 
it would be a welcome fact in a national as well as a trading 
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MANUFACTURE OF MALLEABLE CAST IRON 
AND STEEL, 


R. J. M. ROBERTS has devised a new furnace for 
economically effecting the purification of crude 
cast iron, and its direct conversion into malleable 
cast iron or steel. A circular working chamber or 
crucible E (fig. 1), of sufficient capacity to work 

| at one heat 500 to 10,000 pounds of crude metal, 

is constructed upon a hearth R. Itis built of staves or sectional 
slabs, F; composed of best fire-proof materials, and long enough 
to extend at least four inches below the floor of the surrounding 
heating passage or chamber D, and up through the roof L. The 
staves must be from 5 to 8 inches thick, and when placed 
together, the intervening joints between them are perfectly luted 
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with good tre-proof cement, and they will form a durable and 
tight wall for the working chamber E. The staves F should be 
formed with a rectangular recess on the outer side at the top, to 
receive and support the roof tiles L, and they should also be 
bevelled or chamfered on the inner side at the top, as shown in 
fig. 1, to give ready access to the working tools when the cover 
is slightly raised. The wall F is firmly supported and bound at 
the top and bottom by the roof tiles L, and the floor of the sur- 
rounding heating chamber D. Near the bottom of the crucible, 
and opposite the tap-hole door O, in the side of the furnace, are 
seca two or more tapping holes, one above the other, for 
drawing off the fused scoria as it forms, and also the metal when 
the operation is completed. The height of the working chamber 
may vary, but the most advantageous proportions are 15 to 36 
inches. A movable cover I is fitted to the top of the chamber 
E; it likewise is of a fire-proof material, and provided with loops 
or hooks for attaching the apparatus used in handling it. The 









































354 


THE PRACTICAL MAGAZINE. 





under part of the edge of the lid is bevelled to correspond with 
the bevelled mouth of the working chamber. This contrivance 
permits, when the lid is slightly raised, the introduction of work- 
ing tools to all parts of the bottom of the chamber E. 

Around the working chamber, and at from 1o to 15 inches 
from the exterior of it, a wall J is constructed, the exterior of 
which must correspond with the exterior of the platform or 
hearth R to facilitate the binding of the furnace, which may be 
readily done by placing upright plates around the body of the 
furnace, and supporting them with strong iron hoops, placed 
above and below the fire-chamber A. From the top of the outer 
wall J of the furnace, heavy fire-tiles are laid across the top of 
the fire-chamber D, and rest in-the rectangular recess in the top 
of the crucible wall F. These tiles must be formed especially 
for the purpose, and should be thick enough to resist the heat 
without sinking down, and to prevent as much as possible the 
radiation of heat to the annoyance of the workmen. At the front 
of the heating chamber D, an opening T is left, corresponding 
with the width of the fire-chamber, and high enough to permit 
free access of the heat to the wall of the crucible or working 
chamber and around it. At the back of the heating chamber D, 
and directly opposite the front opening T, another opening U 
is left in the furnace wall, extending the whole height of the 
heating chamber D, but which is narrowed sufficiently to 


FIG. 2. 

















materials from touching the walls of the working chambers. It 
must be formed so that the melted metal and slag can all be 
drawn off through the tap holes. The furnace is now ready for 
firing, and this should be done very gradually until every part 
of the furnace is completely dried and freed from all moisture. 
The lid or cover I should be kept down or closed until the 
crucible becomes heated sufficiently to melt cast iron within it. 
When heated to this point the lid is raised, and the crude cast 
iron to be treated introduced into the chamber. This may be 
done by charging broken pig iron directly into the furnace, or 
by drawing melted iron from a cupola furnace conveniently 
placed for that purpose, or even directly from the blast furnace. 
When the charge in the chamber is in complete fusion the work 
of purification may be commenced. 

If the crude iron is poor in carbon and fuses but im- 
perfectly it may be made to do so by adding spiegeleisen, 
or any other more highly carbonized iron in sufficient quan- 
tities. When the fusion is completed, the purification of the 
iron may be effected by means of any of the oxidizing sub- 
stances used for that purpose, which are to be introduced and 
intermingled with the molten metal. Oxide of iron, oxide of 
manganese, oxide of titanium, wolfram, furnace and hammer 
slag, and any other substances which supply oxygen largely may 
be used to the best advantage in this furnace for oxidizing the 
impurities of the crude iron and removing them from it. In 
addition to the use of the above oxidizing agents atmospheric 
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partially obstruct the heat current in its passage to the stack. 
A fire-brick neck or flue G, corresponding in dimensions with 
the opening U, leads to the stack N, and connects the heating 
chamber with the flue of the latter. 

A screen of fire-clay or some other refractory material is placed 
between the fire-box and the crucible. It is so constructed that 
it will stand firmly on its base, and be capable of being con- 
veniently moved. The fire-chamber A and the neck G must be 
securely fastened to the body of the furnace, and bound in the 
ordinary manner. 

The furnace is provided with blowing apparatus and the usual 
dampers to enable the workmen to regulate the heat. The heat 
may be produced by the ordinary furnace fires or by gas fur- 
naces ; it is essential, however, to the successful working of the 
apparatus here described, that there should be a great body of 
intense heat without rapid currents of the same towards the 
smoke stack. 

The method of using this improved furnace is as follows :— 
The bottom in the chamber E is made of some fire-proof com- 
pound, such, for instance, as is used in lining the Bessemer con- 
verters. This bottom or working bed must be formed to receive 
within it the whole mass of fused materials that will at any 
time constitute the charge which it is intended to operate upon 
at one time, and should extend high enough to keep the molten 
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air may be blown into and through the molten metal by means 
of a hollow rabble of suitable shape. 

While introducing the materials and working the charge the 
lid I must be slightly raised, but at all other times should be 
kept lowered or closed. If the impurities of the iron are very 
considerable and the supply of carbon in the metal is insufficient 
to produce the required heat in the working chamber E, pul- 
verized charcoal or equivalent material as pure as can be 
obtained may be introduced from time to time. As all action 
of the air upon the metal in the chamber E is under the control 
of the workmen, the iron may be kept in the furnace without 
waste or injury as long as may be found necessary for its 
thorough purification. 

If too much carbon is removed from the iron when the work 
of purification is complete, it can readily be introduced by using 
the necessary quantity of spiegeleisen or manganiferous iron, 
Having attained the condition of purification and carbonization 
desired, the lid of the crucible must be tightly closed, and the 
heat of the furnace kept up to the melting point of steel or mal- 
leable cast iron for any length of time that may be required to 
allow of the complete intermingling of every part of the metal 
and until it has acquired a uniform and homogeneous condition 
throughout. When this condition is attained the metal is drawn 
out through the tapping hole, and cast into ingots for rolling or 
forging. 

z 4 his furnace is said to be well adapted for the successful 
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working of any of the many purifying and carbonizing methods | 


heretofore used, as it embodies the advantages presented by the 
various furnaces employed, while it avoids their defects. 

Fig. 2 represents a perspective view of the furnace as seen 
when completed, showing the tap-hole, platform for workmen, 
appliances for removing cover, and the relative position of the 
fire-chamber, body of the furnace, furnace neck, and stack, 


COMBINED HEATING AND FIRE EXTINGUISHING 
APPARATUS. 

~x=sy7]|1 is a somewhat remarkable fact that while fire is 
Dys xe a calamity which frequently befalls all classes of 
”) SC} buildings, the schemes for its prevention, as well 
CY 2) as those for its rapid extinction, are few in number ; 
ie (4 of course as regards fire prevention, that is a ques- 
E £3 tion so broad in its bearings, and depending on so 
many varying conditions—it is one not easy of satisfactory solu- 
tion. Buildings may be, and often are, built entirely of non- 
combustible materials ; iron and stone, cement and brick, being 
alone employed; but when these structures are subsequently 








filled, as was the Pantechnicon, with furniture, carriages, and 

ictures, the mere incombustibility of the floors, walls, and roof, 
orms no protection either to the building or to the combustible 
things stored within it. Naturally, schemes called “ preventors 
of fire” must be erroneously so called. Nothing will prevent fire, 
or scientifically speaking, will prevent combustion, but either of 
two things—first, to take care the combustible body is not ignited, 
and secondly to render the body, whatever it may be, incombus- 
tible by saturation with some chemical which will impart the 
requisite property. While human nature remains fallible, the 
first condition can never exist ; and as to the second, a variety 
of difficulties present themselves in hindrance of its proper fulfil- 
ment ; the real way to deal with the subject of fire and its out- 
break, is to recognise it as an evil to all intents incurable ; but 
one capable of great mitigation, and the way to mitigate it is to 
provide the most efficient means for its rapid and zmmediate arrest 
at the very moment it shows itself. It may be fairly laid down as 
an axiom in this question of fires, especially in respect of public 
buildings, that from the first moment of ignition to the delivery 
of water on the flames, time is worth often £1000 a minute. 
Fire is unlike any other foe, an invading army puts to death or to 
flight the defending army, and the inhabitants of the country, 
but fire converts every person capable of bearing arms into a deadly 
foe, and like a snowball, the invader, a very trifle at first, each in- 


' stant enlarges itself, and absorbs more and more of what lies in 





its path. Looking then at fire in this aspect, common sense 
dictates at once that each building, large or small, should have a 
command of water on every floor, and in every room at all hours 
of the day and night. Window or bed curtains make, when ig- 
nited, a very formidable-looking blaze; but unless the fire has 
time to “ catch timber,” no real danger need be apprehended ; if 
anyone doubt this let him try the experiment in his yard or garden 
with an old sheet, and a clothes-line prop. The real mischief is 
done by the kindling of the wood by degrees, rapid degrees very 
often, but still by degrees, and if a hand-basin of water were 
promptly applied, the fire would go no farther; the hand-basin 
generally is to hand—but not the water—and by the time a can 
of water is got, a fire-engine is the only thing to cope with 
the fire. 

Our attention has been invited to a scheme patented recently 
for utilizing the hot-water supply of mansions, gaols, asylums, 
and other large buildings, as a means for supplying water, even 
in winter, at a moment’s notice, to extinguish a newly kindled 
fire. We have carefully examined the drawings and papers put 
before us, and consider that the scheme is one of merit and 
promise, though of course until the thing is actually tested by the 
light of practical experience, the working can only be gauged by 
principles of common sense. The engraving above shows the sec- 
tion of a house fitted up with the apparatus which depends for its 
success for one thing on the employment of the hot-water appa- 
ratus generally to be found in all such buildings as those 
enumerated above; the hot water is relied on to overcome an 
evil often encountered in winter, the freezing of the water in the 
stand and service pipes. We must however take exception to one 





point of merit claimed by the inventors, viz. : that the steam from 
the hot water possesses peculiarly good powers of extinguishing 
flames, and generally that hot is better than cold water as a fire 
annihilator ; this theory is not only negatively but positively 
erroneous ; hot water is a step nearer decomposition than cold, 
and in such a state the oxygen of the water is more readily 
volatilized, and goes to the oxygen of the atmosphere and helps 
to increase the fervour of combustion ; and it is on this principle 
that, in certain cases, a small jet of steam has been allowed to 
blow into the furnaces of a*steam boiler to intensify combustion, 
and that locomotive stokers water their coals. With this excep- 
tion, however, there is much that is good about the scheme under 
notice. Jack Frost has a good many fires to answer for by his 
cutting off the water supply, and therefore the scheme of the 
present patent, to employ hot water, is really philosophical and 
practical. The scheme may be briefly described as consisting of 
a common hot-water boiler, situate it may be in the cellar ; from 
it a pipe is taken which conducts the hot water up to a hot-water 
tank on the roof, or other point of sufficient elevation to secure 
that it will gravitate the water to the highest part of the building ; 
another tank for cold water is of course also provided near to the 
hot one, and communicating with it by a pipe. Service pipes 
communicating with both tanks are carried from them down to 
the basement, and opening on to each floor is a hydrant nozzle 
and valve, certain double-action check valves are fitted between 
the two tanks, between the street main and the tanks and else- 
where, to regulate the flow of the water, and to admit of water 
being drawn from either tank independently of the other. The 
patentee’s own definition of the apparatus is—“ The combined 
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heating and fire-extinguishing apparatus consists of a hot-water 
heating apparatus, and cold-water service apparatus, so connected 
by an ingenious system of self-acting double-action valves, that 
the heating apparatus acts at all times independently of the cold- 
water apparatus, and vce versa; while, at the same time, should 
a fire arise, and the hydrants be opened at any one or more 
points, the valves come into instant action, and render available 
the whole of the water in both apparatus, as also that which may 
be received from any external force from the street mains or other 
supply ; and further, should such force be greater than that ob- 
tained from the pressure exerted by the columns of water, the 
valves adjust themselves and render the full amount of such extra 
pressure available.” 

The drawing shows the section of a warehouse having the ap- 
paratusapplied. A, is the hot-water cistern ; B, cold-water ditto; 
C, ball-cock and loop service to cold-water cistern ; D, safety 
expansion and circulating box in connection with hot-water 
cistern ; E, self-acting double-action valve, stopping the com- 
munication between A and B, and admitting supply to heating 
apparatus ; F, general house cold-water service ; G, self double- 
acting valve to regulate supply and exhaust of cold-water cistern, 
by which the whole weight of water in the cisterns is available 
for the hydrants, should pressure be off from the main, while it 
prevents overflow if the pressure is on; H, fire hydrants of any 
number in any position ; J, hot-water boiler; K, self-acting 
double-action valve, stopping cold from hot, but admitting hot to 
cold water, to be available for the hydrants in same; L, self 
double-acting valve, retaining the whole of the water in the cis- 
terns and pipes, in case of the mains being emptied or the pressure 
reduced below that exerted by the head of water in the cisterns ; 
M, street main service; N, vertical service pipe to cisterns ; O, 
hot-water pipes, which may be fixed over or under the floors, and 
arranged so that they may be heated in sections, or altogether as 
may be required ; P, vertical hot-water mains from boiler to 
safety expansion circulating box in connection with hot-water 
cistern. 


HATTERSLEY’S COMPOSING AND DISTRIBUTING 
MACHINES. 


HE production of books and newspapers is a 
branch of industry already considerable, the im- 
portance of which increases day by day. There 
are few of our readers who will require to be told 
| that the most costly operation in book and news- 
paper manufacture is the “composition,” so 
placing together, one by one, the metal letters 
which make the words, the lines, the pages, the columns, of 
every book and every newspaper printed. Much skill and in- 
telligence are required on the part of the compositor, or work- 
man who translates the manuscript into type, while the process 
of lifting by hand and ranging the types is necessarily slow, 
so that the cost of composing, reckoned by every thousand 
letters composed, would probably surprise those unacquainted 
with the details of the printing trade. Some idea, however, may 
be formed when it is known that to distribute and compose a 
thousand letters is a normal hour’s work, and that the earnings 
of a good compositor are from 35s. to 45s. weekly if in constant 
work. A thousand types (including the blanks between the 
words, which are made by “spaces,” or blank types) are com- 
prised in every 18 lines of this magazine. 

As, fundamentally, composition is the putting together and 
ranging of types, which is a purely mechanical operation, many 
attempts have been made and are making to do the mechanical 
part of the compositor’s work by machinery. The most recent 
and perhaps best-known of the machines constructed for this 
purpose is that of Herr Kastenbein, in use at the “Times” 
office. This was exhibited by its inventor at South Kensington 
in 1872, when the famous “ Walter” press was also exhibited, 
the first machine constructed for printing from an endless roll of 
paper. 

he persevering inventor of the composing machine we are 
about to notice, Mr. Hattersley, of Sidney Street, Manchester, 
has perfected a machine which, originating with him, has been 
led step by step to the point of practical success. Kastenbein’s 
machine, indeed, has many features in common with Hattersley’s. 
While the former has been adopted by the “ Times,” the latter, 
first brought out in 1863, has found favour with the authorities 
of two large and important daily newspapers in Vienna, the 
“ Neue Freie Presse,” and the “ Tageblatt,” and so has acquired 
a publicity which makes a notice of it desirable. An account of 
the machine, illustrated with the engravings which accompany 











| piece, as in the ordinary composing stick. 


our present article, recently appeared in the Vienna “ Printers’ 
Journal,” was with modifications reproduced immediately after 
in the Brunswick “ Journal of the Printing Art,” and was further 
republished, in Holland, in the Deventer “ Boekdrukkers Nieuws- 
blad,” and in Sweden in the “ Nordisk Boktryckeri-Tidning.” 


THE COMPOSING MACHINE. 


An iron framework, about 3 ft. square and 5 ft. high, carries 
in its upper part the type prepared for setting, and in its lower 
the key-board. These are the two principal parts of the com- 
poser. The mechanism is of striking simplicity, and possesses 
the great advantage of having all its parts exposed to the eye of 
the compositor, so that the course of the type from its canal to 
the composing stick can be easily followed, and an impediment 
of whatever nature remarked and removed at once. Partly on 
account of this accessibility, and partly on account of the sim- 
plicity of the working parts, repairs, whenever they become 
necessary, will not be of a nature to require mechanical skill 
beyond that to be found in any large printing office. 

The compositor, who works seated, has immediately before 
him the keyboard, a, which consists of a parallelogram measur- 
ing 5 X Io in., containing the keys in six rows, so arranged that 
the arm of the workman has scarcely any need of movement, 
and the fingers alone are brought into play. Each key bears 
marked on it the letter to which it is appropriated, or space, or 
point, as it may be. The keyboard for the machines fitted up 
in Vienna was expressly arranged according to the requirements 
of the German alphabet, so that the letters occurring most fre- 
quently in German, lay nearest to the principal fingers of the 
working hand. In order to give rest to the eye, the capitals are 
separated from the lower-case by the figures, which are marked 
in on their keys on a green ground ; the points and spaces form 
a group to the left. 

A set of space-boxes lies before the keyboard, the intent of 
which is, to enable the compositor to space out with the greatest 
possible facility. The machine was only intended primarily for 
en spaces, but Herr Reisser, the clever engineer of the “ Neue 
Freie Presse,” succeeded in adapting it to the middling space. 
This is a consideration of no small importance in Germany, 
which, possessing no italics, “spaces out” the letters of em- 
phasized words, ze. separates the letters a little, so that the 
word so spaced out has a lighter and distinct appearance. In 
German newspaper work middling spaces are used in spacing 
out words, while in bookwork this spacing out is according to 
the spacing of the lines. Hair spaces cannot be used in the 
machine. Non-technical readers should be told that the square 
of the depth (from front to back) of any letter, is called an ev 
of that letter, the letter 7z being as nearly as possible the square 
of the depth of any ordinary type, the ez is half the width of the 
em, the middling space is the fourth of the em, and the hair space 
the eighth. 

The prepared type is stored upon two iron trays, or “ galleys,” 
one of which contains the letters in more frequent, the other 
those in less frequent use. The type is ranged in rows, separated 
from one another by brass partitions. To keep the type up to 
the front edge of the upper table, each row of type has a square 
of metal behind it, to which an elastic band is fastened. This 
band runs horizontally over the type, and is then brought into 
the frame 2, where it is fastened. It will be obvious that its 
elastic force, increasing as the type-row gets shorter, will suffice 
always to keep the letter to the front. 

At the front of the galley, at a point corresponding to the end 
of each respective row of type, a small opening is pierced just 
sufficient to admit a type to fall through. Thé type standing 
over the opening in each row is, however, prevented from falling 
through by the pressure of the elastic operating at the other end 
of the row. When the passage of the letter is desired, it is 
effected by the operations of the key belonging to it, which 
brings down upon it an iron presser, corresponding to it exactly 
in “ body” and thickness. A gentle pressure from this over- 
comes the resistance of the elastic band, and pushes the letter 
through the opening below into its appropriate canal. The 
presser is brought back by elastics, which are made fast in the 
front frame, ¢, / (fig. 1). 

The most interesting part of the machine is the composing 
stick, or rather composing galley, since both are in one. We 
give a separate engraving of this part of Mr. Hattersley’s ap- 
paratus. When the letter has passed out at the exit canal, g, 
it is received by the lever z, which corresponds to the thumb of 
the compositor’s left hand when engaged in setting a line. A 
movement sends the letter forward by just its own breadth, so 
that room is made for the next-coming letter. When the com- 
positor has his line ready set and spaced, he takes out the setting- 
rule and drives the line down the galley. The setting galley 
can be made up to any measure by the adjustment of a side- 
It can also be 
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HATTERSLEY’S 


lengthened, the present machine taking only from 40 to 50 lines. 
If the matter is to be “ leaded,” z.¢. the lines separated a little 
from each other, so as to make the matter look lighter, the 
strips of separating metal, or “leads,” can be pl aced between 
the lines by a second workman. 

When the line is all but set out, room being left for only about 
an e# space more, a hammer falls upon the bell m, and gives 
notice of the completion of the line. The compositor now 
finishes the word or syllable, pushes the line into the composing 
galley for spacing out, and then, as we have stated, presses the 
line, when justified, farther down the galley. By the help of 
this machine a moderately active workman, setting from good 
manuscript, will set and space out from 7,000 to 8,000 letters an 
hour. With leaded matter, where a second workman is em- 
ployed who spaces out and justifies, as well as inserts the leads, 
double these results can be achieved. An objection has been 


COMPOSING MACHINE, 


raised of the probability of letters sticking in the channels if the 
machine were worked with any rapidity. The inventor has re- 
plied to this with the statement that taking a single key and 
striking it experimentally with great rapidity, the letters fell 
through the channel therewith connected, and were received into 
the stick, at the rate of six in a second, or 21,600 an hour. 

Mr. Hattersley has thus, remarks the “ Oesterreichische 
Buchdrucker-Zeitung,” surpassed the results given by any other 
composing machine of which practical trial has hitherto been 
made ; and its advantages are so conspicuous that they scarcely 
admit of being decried from other than interested motives. It 
may be reasonably hoped that in the course of a few years solid 
1 in newspaper offices will be produced by machinery 
alone 

It is only due to candour to point out the principal drawback 
of the machine. It can only be used for one fount, and for one 
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body at atime. The machine at the office of the “ Neue Freie 
Presse” is fitted for bourgeois and long primer German, on a 
long primer body. German on any other body, or any other 
character, Roman, old style, &c., on the same bodies could not 
be used, since the guides have to be adapted very nearly to the 
actual letters which pass down them. Naturally, any machine 
can be constructed for any size or any variety of type; and 
indeed two bodies differing only one point, as, say, brevier and 
bourgeois, or brevier and minion, could be made use of in one 
and the same machine. 


THE DISTRIBUTING MACHINE. 


We have seen how words, lines, and eventually pages or 
columns can be produced by the combination of letters which 
fall one by one into their places from the rows in which they are 
stored. If an a@ is wanted, one of the ready-set row of a’s is 
taken, and so on all through the alphabet. The object of the 
distributing machine is to take the page or column line by line, 
and word by word, decompose it into its elements, large letters 
and small, points, spaces, &c., and thus recompose the rows of 
letters of one kind with which the composing machine has to be 
supplied. 

The mechanism by which this is effected is not less striking in 





character than that of the composer. It is in perfect corre- 
spondence with the latter, and the one is the completion of the 
—_ according to the inventor’s expression as are husband and 
wile. 

The two iron trays, or “ galleys,” as printers term them, con- 
taining the rows ef prepared letters in the composing machine, 
can be unscrewed therefrom, and fixed in position in the distri- 
buting machine for re-charging. Here they are arranged cross- 
wise, to facilitate the movements of the workman’s hand by 
reducing the space over which it hasto travel. On the frame of 
the distributing machine, where the heads of the trays fit in, is 
placed for each a small apparatus with the view of enabling the 
letters to pass upright, and without twist, through vertical 
grooves, into the rows assigned in these trays to each letter re- 
spectively. But before we describe in detail this part of the 
machine, we will endeavour to describe the distributor, a little 
machine which is carried in the hand of the operator. 

An iron case, just large enough to be grasped by the half- 
shut hand, the index finger stretched out, surrounds this com- 
pendious piece of mechanism. 

In the drawing (fig. 3) the distributor is shown in position for 
work. In front is the line of type, the face of which lies so that 
it can be easily read by the operator, Under the first letter of 


Fig, 2. 





the line, in the bottom part of the distributor, is a slide which can 
be opened so as to leave the letter above it with nothing to rest 
on., The type is held in its place only by a light pressure on its 
sides, and a very small stroke on its top end causes it to fall 
through the opening beneath it ; this little stroke is given by a 
small iron rod placed above the letter, and motion is communi- 
cated to it by a system of levers. It may be seen in fig. 4, 
being the upright arm to the left of the drawing. We have, 
however, to apologize for a mistake of the artist, who has brought 
it too far to one side. Properly it has such a position that when 
moved outwards it exactly meets the face of the letter, at a. 
The types are brought forward in the line by a similar system 
of elastic bands to that we have seen employed to keep the 
letters in place in the type rows ranged in the supply trays. 
Reverting to the distributing machine we see at @ these 
supply trays. The inclined frame above them on the right 
contains the elastic bands by means of which the letter is kept 
up to the head of the galley. Over the latter, above ¢, is a metal 
plate which serves as a table to the distributor. On the front 
end of this table is screwed a row of teeth, the first of which can 
be seen at J in fig. 4. Between these teeth square openings are 
made in the metal plate, which communicate with grooves 
leading each letter as it falls into the respective row to which it 
belongs. Over the teeth, at the height of about two inches, is a 
tablet of lead, on which, conformably to the individual letters in 





THE COMPOSING STICK. 





the lower galley, are marked their designations. At d@ the dis- 
tributor has an index to facilitate the finding of any particular 
letter. 

Let us now see how the operation of distribution goes on. 
The operator, taking his distribution in his right hand, reads off 
a few words, lays the distributor down on the plate, and gives a 
rapid push forward in as straight a line as possible, so that the 
pointer covers the particular letter which is to be distributed. 
At this movement the slide of the distributor, which is provided 
with a little knob for the purpose, has been caught by one of 
the teeth, and the slide has been opened. In the next moment 
the distributor has reached its aim, as shown in fig. 4; and the 
cutter, which works upon springs, is caught, as shown at 4, 
between two of the teeth, and the levers are set in motion which 
give the downward stroke to the first letter in the line. This 
falls through the groove into the corresponding row in the 
supply galley, where it takes its place in a standing position, 
and by an arrangement there is no need to describe is pushed 
forward by just its own breadth, so that room is made for every 
letter before it comes. The comb-like apparatus, the iron teeth 
of which serve to push back the slide, is fitted with teeth the 
length of which is proportioned to the breadth of each letter re- 
spectively. The tooth, for example, which opens the slide to 
admit an m or a w, is so much longer than that of the z, as m 
or w is thicker than z, The opening made for the passage of a 
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HATTERSLEY’S DISTRIBUTING MACHINE. 


letter into the grooves is just sufficient for that and no other 
letter. Thin spaces having been put in in the justification, and 
being unnecessary in the rows of either the composing or the 
distributing machine, fall out in distribution into a box placed 
below the machine, whence they are taken to be used over again. 

The matter for distribution stands on a common iron galley, 
f, and is kept pressed to the head of the galley by a weight 
attached to a cord passing over a pulley. The distributor re- 
ceives a line of distribution from the galley by means of a hinge- 
flap placed under the line, and brought into position by means 
of elastics. It is very quickly performed. Distribution is slower 
than composition by about one-half. 


Fig. 





ON THE STRENGTH OF MATERIALS. 


By CHIEF ENGINEER WM. H. SHOCK, U. S. Navy. 


1N designing some boilers for high steam I was 
anxious to obtain the necessary strength with a 
minimum amount of metal, economy of weight 
being a necessary, if not an absolute, condition ; 
and having no reliable data at hand from which 
to ascertain the “ detrusive strength” or resistance 
to shearing of certain size bolts, I instituted a series of very 
carefully conducted experiments on bolts of various dimensions, 
under the two possible conditions in which they might be used 
in connection with the bracing of boilers, and for other pur- 
poses ; z.¢. when used as shown in fig. 1, double cut, or as in 
fig. 2, single cut. 











The bolts, sixty in number (twelve each of the following shop | 


sumed in justifying and correction be taken into account, the 
distributing machine will be found able to keep up with the com- 
posing machine, one operator at each. Much greater dexterity 
could doubtless be acquired by constant practice at distribution 
only, and indeed there is not the slightest reason why these two 
very different and converse if analogous operations, should be 
carried on by the same workman. 

Composition requires a certain amount of education to render 
the operator master of his manuscript, and he must be capable 
of sustained attention ; the distributor requires only the ability to 
read the lines for distribution, and need be at no pains to retain 


If, however, the time con- | the sense of the matter he decomposes. 


4. 








THE DISTRIBUTOR. 


dimensions—viz. 1, 7 $4,% $ and } inch diameters), were forged in 
the usual-manner, without any reference whatever to the experi- 
mental tests to be made. The material used was the ordinary 
bar-iron of commerce, my great wish being to obtain the data 
sought for, under conditions of actual practice. 

When the bolts were received in the experimenting room, they 
were carefully measured with “vernier callipers,” numbered, and 
drawings made of them with dimensions marked on. 

The testing machine used belonged to the Ordnance Depart- 
ment at the Navy Yard, Washington, and is an instrument of 
very delicate adjustment. 

The barometrical as well as the thermometrical conditions 
were uniform during the experiments. 

The attachments were hardened, the inner angles of the holes 
being slightly rounded, or counter-sunk, to avoid the otherwise 
“knife edge” being brought to bear on the bolts, thus bringing 
the experimental specimens under conditions approximating 
actual practice. 
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The character of the fracture in the several specimens was 
singularly uniform. 
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The following tabular statement shows the results obtained : 


Results of Experiments on Shearing Strains of Iron Bolts. 
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NEW WELDING COMPOUND. 


O many difficulties surround the process of welding 
iron or steel, that inventors have long essayed to 
originate some plan by which the desired union 
could be more perfectly accomplished. Both 
pieces of the material intended to be joined have 

| had to be heated to such a degree as frequently to 

impair their value for after use. If there is a chemical differ- 
ence between the two pieces, the assimilation of the point of 
contact is not perfect under the ordinary method of welding, 
and a fracture at that point is more likely than at any other 
place ; besides, under such conditions, the welding shows so 
plainly as to mar the appearance of the finished work. In order 
to facilitate the welding process borax is commonly used. 

Singly, or in combination with other materials, it is a most 

valuable agent in promoting the welding of metals, but a recent 

discovery has resulted in the introduction of a welding com 




















pound which is altogether unequalled in its practical efficacy. 
This compound consists of calcined borax, mixed in proper 
proportion with wrought iron reduced by grinding or other means 
to particles a little larger than coarse filings. The effects of the 
use of this almost magical powder are easily described. The 
pieces of metal intended to be welded are heated only to a 
cherry-red, then a small quantity of the compound is sprinkled 
over the heated end of each piece, the ends are placed in con- 
tact, the hammer does its share of the work, and the union thus 
accomplished is so perfect that no steam hammer can effect a 
fracture at the same place, and, when polished, the eye cannot 
possibly detect the line which should mark the junction. Whether 
cast steel and cast iron, cast steel and wrought iron, cast iron 
and cast iron, cast iron and wrought iron is desired to be welded, 
the union in each case is equally close, and the results are 
uniform, All of them can be welded so perfectly that the heart 
of the blacksmith and of the machinist rejoices at the ease of 
this operation. Rolled metals can be treated in the same 
manner. At the Delamater Works, and at the manufactory of 
the fire and burglar proof safes of Messrs. Terwilliger and Co., 
New York (who declare in a published testimonial that it sur- 
passes the best welding material they have ever tried), it is used 
for uniting iron and steel plates, so as to give to an iron plate a 
coating of steel on one or both sides, while the result is such an 
intimate union that it is utterly impossible to distinguish with 
the naked eye that the plate is not one homogeneous piece. The 
rolling takes place, as stated, at a-low cherry-red, which has 
been found to produce a savirg in fuel of 20 per cent., and a 
saving in material, as the unavoidable loss of weight in the iron 
by the formation of scale, so considerable at a high temperature, 
is reduced some 70 per cent., or even more. Experiments are 
shortly to be undertaken at Trenton, which are expected to show 
that iron rails can be provided with steel heads so perfectly 
welded that they cannot be separated even at the ends, and, 
the New York “Iron Age” says, it is already established that old 
rails can be re-rolled with it as perfectly as if they were soft 
iron, and at a heat but little above that to which iron must be 
brought for the rolls. Mr. H. Schierloh, of Jersey City, owns 
the patent for the compound, which is already in use in many 
large iron-working establishments. In this city he has esta- 
blished an agency for Eastern Pennsylvania with Messrs. Pan- 
coast and Maule, the well-known wrought-iron pipe makers. 
These gentlemen bear witness to the wonderful properties 
claimed for Schierloh’s cherry-red welding compound, and will 
cheerfully satisfy all who may wish to inspect personally the 
results of its use. Mr. Joseph Hunt, superintendent of the Crane 
Iron Company, says, under date of 2nd inst..— I put the com- 
pound to use in steeling the points and angles of railroad cross- 
ings, of which we have quite a number, and we find we thus run 
no risk of burning the steel when welding on the iron. I also 
tested the compound by cutting a steel bar, welding it again, 
and using it as a chisel found the steel as good as before. I 
cordially recommend its use for welding purposes.”—Bulletin of 
the Iron and Steel Association (Philadelphia), 


STEAM CORN-DRYER. 





T page 361 we illustrate a machine patented and 
made by Messrs. Davey, Paxman and Co., of 
Colchester, for drying corn of every kind by 
steam. It consists of ap arrangement of four 
cylinders, about 12 ft. long, placed one within 
another. The centre one rotates, and a current 
of steam, drawn from the boiler of the engine driving it, is 
passed through it. The annular space between the outside of 
this cylinder and the inner surface of the next largest is the 
place through which the grain is passed, it being both moved 
from end to end and also tossed about by means of helical per- 
forated blades affixed to the outside of the inner or centre 
cylinder. The steam, after it has passed through this inner 
tube, is caused to return back in the opposite direction through 
the annular space between the next outer casing and the 
cylinder enclosing the grain, after which it is taken away to heat 
the boiler feed. ‘The three cylinders thus contain three spaces, 
the centre cylinder and that one outside the grain-space being 
filled with a current of steam, while the grain is in the one 
intermediate to which it is fed, according to its condition, from 
aregulated hopper. These three cylinders are enclosed by a 
fourth casing, which is perforated with a number of holes at the 
end where the steam enters the dryer; this cylinder is exhausted 
by a fan, and the air thus drawn in through the holes becomes 
heated by the next inner cylinder, and is then forced into the 
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grain, advancing in the opposite direction : this air-current not 
alone absorbs moisture on its own account from the grain, but 
also ventilates it completely, carrying away all the vapour vola- 
tilized from the grain by the hot cylinders. 

The inner cylinder is actuated by cog gearing of 14 teeth to 
104, and rotates at 34 revolutions per minute. From careful 
experiments instituted, it is ascertained that 1 lb. of coal will 
dry 2 bushels of corn, soaked over-night with 14 lbs. of water. 
In the experiment, a weight of 1 cwt. 1 qr. of grain, lost 8 lbs., 
the corn being passed through the dryer at the rate of 30 bushels 
per hour; the same corn, sent through again, was then 9% lbs. 
lighter than before soaking, and considerably dryer than it was 
in its natural state before water soaking. As a rule, ordinary 
corn is dried sufficiently by one passage through the machine, 
and, obviously, dry corn is less liable to “ must,” or mildew, 
than is damp grain ; its appearance is also brighter and better- 
looking. 

Referring to the illustration, the annexed table explains very 
clearly the respective parts :— 


A. 


. Revolving steam cylinder. 

. Perforated agitators with brushes attached. 
. Corn chamber. 

. Steam jacketed cylinder. 

. Air chamber. 

- Holes in cylinder to admit air. 

. Outlet for moisture. 

. Inlet for steam. 

. Conducts steam to cylinder 4. 

. Feed hopper. 

. Roll to regulate feed. 

. Safety valve. 

- Hot air inlet. 

. Fan, drawing air through 5 and propels through 3. 
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13. Outlet for dried grain. 

14. Outlet for steam. 

15. Driving pulley to drive fan. 

16. mA a a pinion shaft. 


B. 
1 and 4. Outlet for vapour. 


2. Spur wheel to drive A. 
3. Hopper. 


a 


. Revolving steam cylinder. 
. Agitators with brushes. 
Corn chamber. 

. Steam jacketed cylinder. 
. Air chamber. 

. Support for spindle. 
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THE THEORY OF AERO-STEAM ENGINES:|' 


3y J. A. HENDERSON, M.E. 





MONG the possible forms of heat engines, it is 
probable that only those using steam and air as 
their working fluids will continue as_ heretofore 
>) to be largely applied to practical purposes. The 
iN Y's) 5| latter include gas engines, as the coal gas used in 

= >223 them merely forms the supply of fuel, and con- 
stitutes but a small fraction of the whole of the air required to 
act as a medium in the conversion of its heat of combustion 
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! We publish the following paper as the first theoretical treatise on 
the Aero-Steam Engine which has appeared to complement the work of 
the late Professor Rankine on other heat engines. The article is abridged 
from a graduating thesis at the Stevens Institute of Technology, at the 
close of the college year 1872-73. 

The author, who has since been employed by the Delaware Iron and 
Shipbuilding Co., Chester, Pa., has just accepted a position at the 

3altic Iron Works, St. Petersburg, Russia, under Mr. E. J. Reed, C.B., 
the distinguished British naval architect. His absence from the country 
has prevented his revision of the proofs. The paper has, however, been 
through the hands of his instructor, Professor Thurston, and we trust 
will be found to contain no serious errors. 

The interest shown by engineers in the recent attempts of Warsop 
and others to introduce this engine will fully justify the publication of its 
theory, although the paper will be found more purely mathematical than 
those which we are accustomed to give a place to in the ‘* Journal of the 
Franklin Institute.” 





into mechanical energy. A late publication refers to a French 
invention in which the expansion of oil undergoing changes of 
temperature furnishes the motive force; and theoretically all 
liquids and even those solids, as certain-of the metals, adapted 
to withstand the range of heat might be so applied, but the 
many difficulties incurred in their practical useand construction, 
have prevented and will probably continue to prevent their in- 
troduction. The same may be said of ammonia-engines, and 
bisulphide of carbon or other engines, where, in addition, 
special precautions have to be taken to guard against loss of 
their comparatively expensive working substance. 

An inspection of the relative efficiencies of air and steam, 
that is to say, of the proportions of the whole heat entering those 
working fluids, which, under given practical conditions as to 
temperatures, pressures, &c., can be converted into mechanical 
work, shows an advantage in the use of air. This is connected 
with the difference between a fluid, which as employed under- 
goes change of state from the liquid to the gaseous form, and 
permanent gases. It is true, as will be further on more fully 
shown, that it is theoretically possible, with the same range of 
temperature, to obtain the same maximum efficiency whatever 
be the working fluid, but practically the conditions required to 
reach this maximum are much more difficult to attain in steam 
than in air. The steam-engine however, possesses so many 
general advantages over the air-engine, such as compactness for 
a given power, and durability on account of the moderate tem- 
perature of the steam, even where high pressures are used, that it 
will probably never be more than supplemented by any other 
prime mover. 

As each of the fluids in these two cases seems to have its 
special advantages, the question of some economic combination 
of the two was naturally suggested, and has been to a limited 
degree realized within the past few years. An increased effi- 
ciency in steam-engines is said to have been attained by the 
injection into the boiler of a small amount of air previously 
passed through a heater, after the plan of Mr. Warsop, or of a 
portion of the products of combustion, properly freed from ash. 

This subject of the use of air and steam in mixture, in the so- 
called “ Aero-Steam Engine,” was discussed by the.late Pro- 
fessor Rankine in a short article republished in Van Nostrand’s 
*‘ Eclectic Engineering Magazine,” for February, 1873, from a 
preceding number of “ The Engineer,” and entitled, “ Remarks 
on the Theory of Air and Steam Engines.” 

Upon reading it about a year ago, the idea occurred to the 
writer, of the possibility of enclosing in a boiler a furnace with 
fuel undergoing combustion under pressure, as in ordinary 
“Furnace Gas-Engines,” like Roper’s or Shaw’s, and of em- 
ploying the joint products of combustion and steam for the 
working fluid, thus utilizing the whole of the heat from the fuel 
by saving the considerable portion which in common steam- 
boilers is lost up the chimney, in addition to obtaining a further 
increase in efficiency from the air according to the statement 
already given. 

In such a case the hot gases would first meet with the water 
after its formation into steam by the boiler proper. Carrying 
out the idea farther, the plan was suggested of injecting the hot 
products of combustion directly into the water, so that, if desir- 
able, a still greater portion of the heat might enter the steam. 
This would bear some analogy to the process of injecting air 
into the molten metal in making Bessemer steel, and to the 
method of boiling water by the direct injection of steam. 

Upon reference, however, to authorities, this idea was found 
not to be anew one. A patent, dated in 1871, was taken out in 
England by a Mr. Adams for a boiler embracing the fundamental 
points. It is, nevertheless, very elementary in form, and does 
not seem to have its parts proportioned to their uses, as may be 
seen upon an examination of the drawing as given in Burgh’s 
recent “ Treatise on Boilers.” Mr. Burgh has evidently ex- 
pressed his convictions without looking very deeply into the 
theory of engines used with such a class of boilers, as he con- 
cludes his description by saying: “We here add that natural 
laws are entirely at variance with the above theory, and there- 
fore have no hesitation in saying that all the steam generated in 
that boiler would be required for the blowing engine; conse- 
quently the motive power is entirely absorbed in the ‘ working’ 
of the boiler only.” 

The only other boiler of the kind to be found was described 
in another part of the same work, having been patented in 1869 
by Mr. Fox, an Englishman. It is a locomotive boiler, to be 
used with liquid fuel, the air for combustion being compressed 
by a donkey engine with separate steam boiler, and thence 
passed through the fire-box and finally injected into the water. 
As will be seen on inspection of the drawing in Burgh’s treatise, 
this boiler also has many defects, which indicate that it had not 
seen service. Two points especially striking in both of these 
plans are the smallness of the pipes for transmitting the air, and 



































the want of adequate provision for combustion under pressure 
and the injection of the products into the water. The volume of 
air necessary to furnish the fuel for boilers of the sizes represented 
has been far under-estimated. 

Having examined those works that would be likely to give 
notices of such boilers, without further success than finding the 
above two impracticable examples, it is probable that none 
others where the whole of the products of combustion are mixed 
with the steam have been patented, and it is quite certain that 
none have come into actual use. 

Mr. Warsop’s plan, where only a small percentage of air is 
injected, and which has been practically tried with increased 
efficiency, is one of quite a different nature. 

In making a general examination into the question of the 
advantageous use of aero-steam engines utilizing the whole of 
the products of combustion, and more especially into the feasi- 
bility of constructing boilers for such engines in a practical 
form, the investigation may be conducted under the following 
heads :— 

1. To determine by the principles of thermo-dynamics the 
theoretical efficiency, together with those other quantities of 
practical importance which apply to air and steam when com- 
bined in this manner, under various conditions as to pressure 
and temperature, and with varying proportions of air in the 
mixture above that necessary for complete combustion of the 
fuel. 

2. To examine what form of mechanism would be fixed upon 
for a boiler to be constructed according to this plan, after full 
consideration of all these quantities, and to discuss the general 
feasibility of the project, pointing out in detail the possible 
advantages and the difficulties liable to be practically met with. 

It is proposed in the present article to treat the first only of 
these divisions, as embracing essentially a theory of aero-steam 
engines using the whole of the products of combustion from 
imprisoned fuel. The results of investigation into the last divi- 
sion may be published separately at some future period. 

Previous to taking up the direct mathematical discussion of 
the subject laid out before us, it would not be out of place to 
make a few general remarks on the efficiency of air and steam, 
as used in separate engines, in order that we may be better pre- 
pared to infer the results which would occur upon their being 
used in mixture. 

The efficiency of the fluid of a heat engine is defined to be the 
ratio of the mechanical energy exerted by a given mass of the 
fluid in the engine, to the mechanical equivalent of the total heat 
supplied the same from the external source of heat. In order to 
realize the greatest possible efficiency of the fluid in any heat 
engine, which when working between given limits of absolute 
temperature T, and T;, is known to have the value 

T.—T; 
T, 

or the ratio of the range of temperature to the higher absolute 
limit, it is necessary that the whole reception of heat occur at 
the upper limit, that the whole of the rejection take place at the 
lower one, and, as a further consequence, that the elevation of 
temperature between the two limits be produced by the expendi- 
ture of a sufficient quantity of mechanical work, which same 
amount is given out again in expansion, while the working sub- 
stance having received its supply of heat, is falling in temperature 
to the lower limit. This maximum efficiency, which was first 
demonstrated to exist by Carnot, is called by Professor Rankine 
that of elementary heat engines. The difficulties arising in com- 
pletely fulfilling the conditions of elementary heat engines have 
not been overcome in any of those engines so far constructed. 
The degree of approach to their practical fulfilment varies con- 
siderably with the class to which the working fluid belongs. 

Among the several kinds of air or gas-engines where the fluid 
very nearly obeys the laws of a perfect gas, this maximumefficiency 
may in certain cases be theoretically reached, as in the perfect 
air-engine of Carnot, and in Ericsson’s and Sterling’s engines, by 
the use of the regenerator as described in Rankine’s treatise, 
but the difficulties to be encountered in the transmission of heat 
through the cylinder walls, or through a heater at high tempera- 
tures, have thus far effectually prevented either of these engines 
from coming into extensive use. 

In another proposed by Joule, the greatest theoretical effi- 
ciency is somewhat lessened on account of the exhaust neces- 
sarily taking place at a higher temperature than the induction 
at the compressing pump, but certain practical advantages are 
obtained which have already pushed it far more into use than 
any of the others just mentioned. As originally projected, this 
engine has never been constructed, but by a little inspection it 
will be seen that all of the modern furnace gas-engines, such as 
those of Roper and Shaw, as well as Brayton’s gas-engine, 
embody Joule’s fundamental plan, viz. :— 
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First compressing the working fluid according to an adiabatic 
curve to an intermediate temperature, dependent upon the ratio 
of compression and lying between that of the external air and 
the highest chosen limit, then supplying heat from the fuel to 
further elevate it to the upper limit, expanding with constant 
pressure to a point of cut-off, then carrying out the expansion 
without gain or loss of heat to atmospheric pressure, and 
finally exhausting at a constant lower limit of temperature,-— 
which, owing to the compression not having been carried on to 
the upper limit, and the whole of the additional heat there sup- 
plied, is higher than in the case of the “ perfect engine.” The 
formula for efficiency remains the same as for elementary heat- 
engines, being 

T.—T, 


T; 


but owing to the greater elevation of the exhaust temperature 
T;, its value is reduced for the same initial temperature T, before 
expansion. The cycle of operations undergone in Joule’s 
engine is thus fully described as being applicable to the air part 
of an aero-steam engine worked upon the plan here to be 
discussed. 

The efficiency of an engine using saturated steam and ex- 
panding without gain or loss of heat would be that of an ele- 
mentary heat-engine, were it not that a portion of the available 
heat supplied to the steam is wasted, so to speak, in elevating 
the feed-water to the upper limit of temperature, the boiling 
point of water under the given pressure. It has been pointed 
out that this waste might be avoided in a condensing-engine by 
suddenly preventing further abstraction of heat by the con- 
denser at such a point in the return stroke that the heat due to 
the work of compression for the remainder of the stroke, may, 
while at the same time condensing the residual steam, elevate 
its temperature to that of the water in the boiler ; the whole of 
the elevation will thus be produced by work of compression, 
and (for the same heat furnished to the steam) the work 
developed by expansion will be increased not only by an amount 
equivalent to this loss by compression, but by an additional 
quantity due to the increased efficiency of the engine as a whole. 
This mode of attaining the greatest theoretical efficiency is of 
course known to be entirely impracticable, but in the article 
“Remarks on the Theory of Air and Steam Engines” before 
referred to, Rankine proposes to produce an equivalent effect 
by making use of an excess of the heat of compression of air. 
The air would have to be in such quantity, for the whole heat 
developed by its compression from the atmospheric pressure to 
that within the boiler, as to be sufficient for heating up the 
feed-water to the boiling point without cooling down the air 
below the same temperature. 

In the case of superheated steam, there is, as might be 
expected, an increased efficiency over saturated steam at the 
same pressure. But this increase by no means corresponds 
with that of the theoretical maximum efficiency as calculated 
from the limiting temperatures even when an allowance has 
been made for not heating up the feed-water by mechanical 
means. Thus there is given in Rankine’s treatise on the steam- 
engine, an example of a condensing engine, where under an abso- 
lute boiler pressure of 34 Ibs. per square inch, corresponding to 
a boiling point of 257°°5 F., the efficiency of the steam when 
used in the saturated state was 0128, and when further super- 
heated up to 428° was 0'145, being greater than the previous 
value only in the ratio of 1°18 to 1, whereas, according to cal- 
culations based merely on the range of temperature as for 
elementary heat-engines, the ratio of increase should be between 
2 and 3, the temperature of condensation remaining the same. 
The cause of the comparative smallness in this departure from 
the efficiency of saturated steam, even when superheating is 
carried on to double or treble the actual range of temperature, 
seems to be that when the heat being supplied to any engine 
has once fallen in grade to any fixed lower temperature, it is 
impossible to get a theoretical maximum efficiency for this heat, 
corresponding to an upper limit higher than this temperature. 
In the present case of superheated steam, the great mass of the 
heat supplied is used in evaporating the water, and conse- 
quently cannot have a maximum efficiency greater than that due 
toa range between the boiling point and the temperature of 
condensation, while only the remaining small fraction of heat 
used in superheating can really be considered in connection 
with the excess of temperature above the boiling point. This 
explanation would thus, in a general way, account for the com- 
paratively slow increase in efficiency. of superheated steam with 
temperature added in superheating, and it shows furthermore 
that for the same higheslimit of temperature steam will 
become more efficient in proportion as it is less superheated by 
increasing the pressure and so elevating the boiling point. 
These remarks will afterwards be made use of in explaining 
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the increase of efficiency with pressure in the case of aero-steam 
engines. 

In taking up the subject proper of this essay, the question 
primarily to be considered, is to what extent air can be mixed 
with steam, and the steam in the combined fluid efficiently con- 
densed ; or more particularly, whether a boiler injecting into the 
steam such a proportion of air as the whole of the products of 
combustion can be used with a condensing engine. 

The size of the lifting air-pump will, of course, have to be 
increased in the direct ratio of the quantity of air introduced, 
and its volume must be that of the air to ‘be ejected at the 
diminished pressure and temperature of the condenser. Where 
the proportion of steam largely exceeds that of the air, as in 
Warsop’s plan, it is very probable that, as far as the air-pump is 
concerned, a condensing engine could be employed ; but in the 
present case, although the resistance of the pump might be fully 
compensated by the increased efficiency, its‘volume would have 
to be so far increased as to render its use impracticable. This 
may be inferred from the results obtained by calculation in one 
of the subsequent examples, where, although the least amount of 
air necessary for complete combustion was used, the condenser 
air-pump when single-acting would have to be 27 times, or 
when double-acting, 1°35 times the volume of the main double- 
acting aero-steam cylinder. The latter itself has to be made 
larger than if the steam alone were yielding the same power, by 
a volume about equal to that of the compressing pump for the 
boiler. There is also another element to be considered, which, 
although advantageous for efficient expansion in unjacketed 
cylinders, may put a stop to the use of condensation, even when 
but a comparatively small quantity of air is in mixture ; and this 
is the retardation which the air offers to the transfer or rush of 
steam to the condensing surfaces. 

These two serious objections of size of pump, and non- 
efficiency of condenser, indicate that it would be here imprac- 
ticable to make use of condensation, and on this account the 
calculations and formule will only refer to non-condensing 
engines. 

It might be here mentioned that in such engines, although the 
expansion is not carried out beyond the atmospheric pressure, 


owing to the tension of the steam being but a fraction of that of | 


the working mixture, the temperature of exhaust may be carried 
considerably below 212° before condensation occurs, and the 
increased efficiency which a condenser commonly obtains by 
lowering the temperature of rejecting heat below that same 
point, thus partially realized. It might be wholly realized were 
the air in sufficient excess. 

The case to be discussed is thus restricted to that of a high- 
pressure aero-steam boiler and engine of the following general 
description :— 

The boiler would be provided with an enclosed furnace, from 
which the whole products of combustion under pressure would 
be injected into the water, and there so lowered in tempera- 
ture at the expense of further formation of steam, that when 
thoroughly mixed with all of the steam formed, a given final 
temperature of superheating would be produced. 

The engine would consist essentially of a main working 
cylinder, using this mixture expansively to atmospheric pres- 
sure, an air-compressing pump to supply the imprisoned fuel at 
the boiler pressure, and of the mechanism, by which the two 
would be connected, and the excess of work delivered. 

Before making any numerical calculations, the following 
general formulz applicable to such an engine and boiler are 
introduced as embracing the main points of importance or of 
interest, and as serving for a common basis from which the 
several examples may be worked out by direct substitution. 

The principal authority referred to for the constants used in 
calculation was Professor Rankine; and his nomenclature and 
fundamental equations were applied when practicable. The 
majority of the formulz, however, and more especially those 
relating to the determination of the proportions of steam and 
air, by weight, and by volume before mixture, their tensions 
when mixed, and to the determination of the value of the con- 
stant y for the mixture, were here deduced by the writer to meet 
the wants of the occasion, as no such formulz could be found in 
published works. 

All of the formulz, other than those whose results are ratios, 
apply to such quantities as are produced by the entrance of one 
pound of air through the compressing pump, this mode of treat- 
ment greatly simplifying the relations between them. 

The general method adopted for obtaining the effective work 
developed per pound of air admitted, by computing the work of 
expansion and compression from the theoretic forms of the dia- 








grams, and taking the difference, was found to be the most | 


satisfactory and direct under the circumstances. 
It should be observed that the word air, owing to its shortness, 
is commonly employed to denote the products of combustion, 





except, of course, in those statements where the use of a more 
specific term becomes necessary. 
Below is given the general notation to be used in the for- 
mule : 
PRESSURES, 
measured absolutely in pounds per square foot. 


p. — pressure of atmosphere. 

i= -» in boiler and during admission in main cylinder. 

P2 = pressure of exhaust, = p, when back pressure above 
atmosphere is not considered. : 


P,, P,, &c., the same measured in pounds per square inch, and 
above the atmosphere, except when otherwise stated. 
TEMPERATURES, 
in degrees Fahrenheit. 
t, = temperature of atmosphere. 


os fe after compression in pump. 
= if upon leaving the fire. 

{i= a of mixed air and steam. 

a as of exhaust. 

= ‘ at which feed water is supplied. 


, ™ &c., the same as measured from the absolute zero — 
461°2° Fahr. 


2 


WEIGHTS, 
in pounds per pound of air admitted. 


w. = weight of products of combustion. 

“= ~» steam formed. 

‘w= mixture of the two. 
VOLUMES, 


in cubic feet per pound of air admitted. 


v, = volume of one pound of air when first admitted to com- 
pressing pump. . 


w= the same when compressed. 

i= ~~ products of combustion at temperature of mix- 
ture. 

i= steam at the same temperature. 

v=" 5 air and steam after mixture. 

Gan mixture when expanded to atmospheric pressure. 


RATIOS. 
r = ratio of expansion in main cylinder. 


ta ess compression in pump. 
: ae boiler to atmospheric pressure. 
a weight of steam to products of combustion. 
f= » volume ” ” ” 
‘a heat absorbed by steam to that remaining in air 


:_—_— 
dae heat of compression. 

Those symbols relating to quantities of heat and work, effi- 
ciency, &c., are best given as they present themselves for dis- 
cussion. ‘The same is the case with the physical constants 
entering into the calculations. 

The quantities usually assumed as 


DATA, 


are P,, P, and P,, t,, t; and t;,, from which p,, p,, p, and r,, 7, and 
+, may be directly found; also H the total heat of combustion in 
foot-pounds, per pound of fuel, and N the number of pounds of 
air supplied for the same. 

The points to be determined are taken up in the order in 
which they naturally present themselves, beginning with the 


HEAT OF COMPRESSION AND RATIO OF COMPRESSION IN PUMP. 
Since the air is compressed without gain or loss of heat, 
Safe j— < 
7 pl y=» 
~ ae ( Pi ) : hi 
v, = Pa y=") 
where y = 1'408 forair. From these two equations, it follows that 
y—I I 
mt, y and n=r y 
in which substituting the value of y, and adapting to the use of 
logarithms, we get 
log. 7; = log. 7, + 0°29 log. r, . . « » E3 
16g, T SOFT OS. fo we we, 6, o HB 
from which t, and r, may be computed. 


and 
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INITIAL TEMPERATURE T, OF GASES LEAVING FIRE. 


In finding this, t, the temperature directly added by combus- 

tion, is first obtained by the formula 
H 
c= See ee 
772 (1 + N) x 0'238 

the numbers 772 and 0'238, being Joule’s equivalent, and the 
specific heat of the products of combustion under constant pres- 
sure. 

This temperature, being added to that of the air leaving the 
pump, gives 





Cat the 63S ow Se 


RATIO OF HEAT OF COMBUSTION ABSORBED IN GASIFYING 
STEAM, TO THAT REMAINING IN AIR, ABOVE HEAT OF COM- 
PRESSION. 

On account of the transfer of heat in the boiler taking place at 
constant pressure, the quantities of heat are proportional to the 
changes in temperature, as is seen in the equation giving the 
desired ratio, 

0'238 w, (t.—t:) t.—t [s] 
& = 9238 w. (tit) ~t—th ° 5 


The percentages of heat entering steam and air might, if neces- 
sary, be obtained from the formulz 


100), 


hin 


and h, = 100—h,. 


WEIGHT OF PRODUCTS OF COMBUSTION PER POUND OF AIR 
ADMITTED. 
I+N 
SS es ee 
We N [ 1] 


PROPORTIONS BY WEIGHT OF STEAM AND AIR. 

Since the steam is to be in such quantity, that the heat required 
to form it in the gaseous state at t,° from the feed water shall 
leave the air at the same temperature, and since the heat lost by 
the air is wholly taken up by the steam, we must have 

0'238 w, (t.—ti) = w, x h, 

where h is equal to the total heat of gasification per pound of 
steam for any constant pressure, and has the empirically deter- 
mined value of ‘ 

1092 +0°475 (ti—32)—(tr—32 
thermal units. By substituting this in the previous equation and 
reducing, is obtained the following : 
w, 0238 (t.—t)) 7] 
= Ww, — 112440'475 (ti—32)—t. * 7 
~* Wi SWE ee se 


and wi = Ww, + Ww, = Ww, (1 + ge) . tS) 


Sg 
Oo, 


PROPORTION BY VOLUME OF STEAM AND AIR. 
For one pound of any gas we must have 
PV _ Po Vo — Po Vo 


T 
orv = ba 
T T, T. P; 


0 Vo. ° nae 
in which P * is constant, and has for its value the difference 
ry 


between the dynamical specific heats under constant pressure 
and under constant volume, of the gas considered. 


Po 


A Vo. 
For air, ~— is equal to 53°15, and for steam 85°00 foot-pounds. 


Since the volume of the products of combustion is known to be 
almost exactly the same as that of the air supplied, for the same 
pressure and temperature, in the present case v, will be the vol- 
ume of one pound of air at the pressure and temperature of 
superheating, or 

¥ 
45735 = 10 
Vv, 53°15 P, [ ] 

The volume of the steam will be that of a weight w,, at the 

same pressure and temperature, or 


T, . 
Vv. = 855) Mino. « eee 
From v, and v, are directly obtained 
Vv, 
Goyer sees [12] 
and eee 


Here, v,, v., and q,, of course apply only to the volumes before 





mixture, as after mixture v, and v, each equal v, and q, = 1. 
This diffusion of the air and steam to the same volume v,, is 
accompanied by a corresponding fall in tension of each, but the 
sum of the two tensions remains equal to the pressure p, before 
mixture, and neither the resultant pressure, volume, or tempera- 
ture is affected. 


DETERMINATION OF THE VALUE OF y, PROPER FOR MIXED 
AIR AND STEAM. 
The general equation of adiabatic curves for any gas is 
p —constant x v—y 

where » is constant, and has for its value the ratio of the specific 
heat at constant pressure, to that at constant volume, of the gas 
under consideration. 

Denoting by Cf and Cy, C? and Cy, the specific heats at con- 
stant pressure and constant volume, of air and steam respec- 
tively, we thus have 


: Ce __ 0238 
for air ~= Er ae = 1°408, 
C, _ 0°48 
and for steam »= EG a = 15 


very nearly. 

It should be mentioned that the specific heats of the products 
of combustion of all ordinary fuels, are stated by Rankine not to 
differ sensibly from those of pure air, and accordingly no dis- 
tinction is here made. 

To find y,, the value proper for air and steam mixed in the 
proportions already found, we may determine the two specific 
heats Cf, and C;, of the mixture, and take their ratio. 

As the weights w, and w,, bear to each other the ratio q,, and 
have w, for their sum, . 


_ (Cr+ qe C2) we ce — (Cit de G) we 


C= and 4 
Wi WwW, 
., —&_(t+aG)w ow +g 
1 Wi * (Ci + q. Cy)w. Cr+q. Cc” 


in which substituting the values of the several specific heats, 
0'238 + 0°48 q. . 
Y= O1694037qe° [14 
To use y,, as thus calculated, it is necessary that the mixture be 
sufficiently superheated above the point of saturation of the 
steam, to keep the latter in the truly gaseous state, a condition 
that would probably be realized in most actual examples. 


RATIO OF EXPANSION IN MAIN CYLINDER AND TEMPERATURE 
OF EXHAUST. 

It is here assumed, owing to the insulating action of the air 
in mixture, and to the cylinders being properly clothed to 
prevent conduction and radiation, that no appreciable quantity 
of heat is lost, and consequently that the curve of expansion will 
be truly adiabatic, in which case, analogous to that of the com- 
pressing pump, 


o\ Yul 
yuoth =) = and °*= (F) e: 
Pi Ya Pz Ya 
or taking the atmospheric pressure for p., since . * reduces 
i 
a “Ya -I 
to PP =r % = % Typ and r=r- 
1 o Ya 


from which follow, 
-—I 
log. +, — log. 1 + a [a.c.log.r,). . . [15] 
and log. r = “% log.t,. - + « « « « [06) 


VOLUMES OF MAIN AND PUMP CYLINDERS, PER POUND OF 
AIR ADMITTED. 


Main cylinder, a 


[17] 


TT. 
Pump cylinder, + 53°15 rare oy 
RATIO IN WHICH THE SPACE SWEPT BY THE PUMP PISTON IS 
LESS THAN THAT SWEPT BY MAIN PISTON. 


“s [19] 


MEAN FORWARD ABSOLUTE PRESSURES ON MAIN AND PUMP 
PISTONS. 
In the main cylinder where the curve of expansion has for its 
equation 
p =constant X v — ya 
it may be demonstrated by the integral calculus, according to 
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the general method set forth in Rankine, that q, the ratio of the 
mean forward pressure p, to the initial pressure p,, is given by 
the formula 


Ya I 
Sig ( Sees ere 
Pecans ey oe ee 
<=". - rs 
a ~~ 2 Yu— I 
from which RR i s&s 6 


For the pump, denoting the ratio by q., and the mean pres- 
sure by p,, we have in a similar manner, 


ae 
—Pex — ke 
de "hk sce ee 8 22] 
and Po — Qn Pr © © © © © © © 2 [23] 


GROSS WORK IN MAIN CYLINDER. 
CU = (p— Pee ws 8 8s TR 


WORK OF RESISTANCE OF PUMP. 
R=aA— ew) RM a «oo « o Ge] 


EFFECTIVE WORK DEVELOPED, PER POUND OF AIR ADMITTED. 
U. = De coe U, . . . . . . . e [26] 


HEAT OF COMBUSTION USED FOR THE SAME, IN FOOT- 
POUNDS. 


ae ’ 
Mee eee et eee + B7 


HEAT REJECTED IN EXHAUST, IN FOOT-POUNDS. 
igre ele Ke es ay ws ST 


MEAN EFFECTIVE PRESSURE, OR PRESSURE IN MAIN 
CYLINDER, EQUIVALENT TO PERFORMANCE OF WORK. 
a . eaergs [29] 
V2 
When given in pounds per square foot, as directly computed 
from this formula, P, further represents the effective energy 
developed per cubic foot swept through by the main piston, 


PRESSURE EQUIVALENT TO EXPENDITURE OF HEAT, 
— * 


= ie SS 2c: Sw ie Se 
b V, [30] 
EFFICIENCY OF FLUID. 
i? ee 
E i gt [31] 


This also includes the efficiency of the furnace, which for the 
given form of boiler is unity, because of there being no waste 
heat up the chimney. 


WEIGHT OF FUEL USED, PER EFFECTIVE HORSE POWER PER 
HOUR. 


Since the work performed per pound of fuel is N x U,, and 
there are 1,980,000 foot-pounds to be performed by the desired 
weight C of that fuel, it follows that 


80,000 1,980,000 
C = 1:990,000 — 1,990,000 - . ae 
NxU, — ExH [32] 
The following formule were not applied in a majority of the 
examples, and their deduction is in consequence placed last. 
They relate to the 


DETERMINATION OF THE PRESSURE OR TENSION OF THE 
STEAM IN THE MIXTURE, AND THE TEMPERATURE TO 
WHICH IT WOULD HAVE TO BE LOWERED, FOR CONDENSA- 
TION TO OCCUR AT THE EXHAUST PRESSURE, 


There is first to be found q,, the ratio of p, the tension of the 
steam to p. that of the air, when thorough mixture has taken 
place. As long as the steam remains gaseous, we have 


P. Ve — 85 w, and Pe ve — 53°15 We 
%s Te. 
Dividing the first of these equations by the second, and 
noting that +, — +, = the temperature at any point of the 


expansion of the mixture, we have further 








Pave = 85% op Pe = Ve yy M x 85 
P Vv se 53°15 We. Pe Vv; W. 53°15 
qa Pe ade x 85. 
aga a — ee eee [33] 


To find p for any particular value of p the whole pressure of 
the mixture, since 


p—=p+p. and Pi=GiXp. 
P. = qu P— Ga Ps or » {I + qs) = Gap. 
a .= x a Pn ge Ren 
ee es [34] 


By substituting p, for p, in this equation, and calculating the 
value of p,, the desired temperature ty of condensation at the 
exhaust pressure may be directly found, as being the boiling 
point corresponding to this fractional pressure. 

For the approximate purposes to which this last set of formulz 
is here applied, the errors arising from the departure of steam 
from truly gaseous laws, while closely approaching saturation, 
may be neglected. 

A comparison of t, with t,, the exhaust temperature already 
found on the assumption that all of the steam remained gaseous 
throughout expansion, will show whether any condensation has 
occurred, or not, and if so it will enable a judgment to be made 
as to how far the calculations of work based upon gaseous ex- 
pansion, are affected. 

Owing to the fact of the air tending to cool more rapidly than 
the steam, while expanding without gain or loss of heat, the 
latter constantly approaches saturation, and will finally begin to 
condense if the mixture has not been in the first place sufficiently 
super-heated for the given ratio of expansion. Formulz could 
be deduced to locate on the diagram the exact point at which 
condensation would first occur, and to calculate the work as 
measured by the area of the diagram with theoretic precision, 
but their complexity would not warrant their use, and it will be 
subsequently seen that in those of the examples following, where 
the effects of this condensation enter at all, the results of calcu- 
lations on work and efficiency, though not influenced to any 
practical degree, will be if anything less than their true values. 

The numerical examples, six in number, are now given in 
tabular form and in the order in which they were originally 
worked out, as being applicable to the plan of aero-steam engine 
considered, while working under several conditions, relative to 
the higher limiting pressures and temperatures, and with varying 
supplies of air, above the amount necessary for complete com- 
bustion. These quantities were chosen to fall within the limits 
of possible practice, and at the same time to give those results 
most likely to be applied with advantage to this form of engine. 

In the first example given, the temperature t, of exhaust was 
chosen at 212° Fahr. to make a more direct comparison with the 
common high-pressure steam-engine, and the boiler pressure p, 
afterwards calculated, but in the other five, it was found best to 
place p, among the data instead of t,, the order of all the deter- 
minations remaining as in the general formule. 

The following data are common to all of the examples, and 
therefore are here introduced, to be referred to when needed. 


COMMON DATA. 

P,=P.=14°7 lbs. per square inch, or p, = p, =2116°4 lbs. 
per square foot. 

H = 10,000,000 foot pounds or somewhat less than 13,000 
British thermal units, a fair value for good coal whether bitu- 
minous or anthracite. 

t, = 50°, being roughly assumed as about the average atmo- 
spheric temperature in this climate. 

t; = 100° a value that is supposed to be reached by the use of 
a feed-water heater attached to the exhaust of the engine. 

The least quantity of air practically required for the complete 
combustion of one pound of average coal or coke, was taken at 
18 pounds, being about 1°5 times the amount theoretically neces- 
sary to furnish the oxygen for combination. 

Upon the succeeding page is given the table of examples, ar- 
ranged as far as possible with reference to compactness. The 
horizontal row of figures on the top of the table refers to the 
examples, and the vertical one on the left, to the general formule 
as is there indicated. 

The numerical calculations are only carried out so far as to 
prevent any practically considerable errors from arising. For 
ratios having values near unity, three places of decimals is con- 
sidered to be amply sufficient. 

The value of g,, in the third and fifth examples, is caused to 
come out negative by the fact of t, exceeding t, in which case it 
should be defined as the ratio of the combined quantities of heat 
supplied to the steam, both from the fire and the excess of heat 
of compression, to this latter excess, lost from the air by its fall 
in temperature from t,° to t,°. 
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Table of Numerical Calculations on Aero-Steam Engines. 
| | 
No. of | Symbol for| Denomination of | No. of Example. 
formula. | quantity. | quantity. i me - 
I 2 | 3 4 5 6 
. — P, | above atmos. Ibs. sq. in. . 32°63 60° 100° 100° 100° 60° 
r=] — tr deg. Fahr. 450° 450° 450° 600° 450° 600° 
= — N | Ibs. . 18° 18° 18° 18° 54° 54° 
I ik | deg. . : | 256'1 357°9 466°4 466'4 466°4 357°9 
2 Tr. ratio. 5 2°294 3°172 4°301 4°301 4°301 3°172 
3 th deg. . . || 2864°5 2864°5 2864°5 2864°5 9896 989°6 
4 t. ”, 3120°6 3222" 3330°9 3330°9 14560 1347°5 
5 dn ratio. 13°773 30°102 | —175°7 20°440 61°34 3088 
6 We Ibs. . 1'056 1056 1'056 1'056 1019 1019 
7 de ratio. o'519 0°540 o'561 0°502 0°196 0°137 
8 W, lbs. . 0°547 0°570 0592 0°530 0°200 o°140 
3 9 Wi “ 1°603 1°626 1648 1°586 1‘219 I'I59 
2 10 Ve cu. ft. 7°106 4°503 2°932 3°418 2°932 5°246 
3 II Vv. a | 6'218 4°104 2°759 2°897 0°957 1°174 
= 12 q ratio. 0°875 roxe) 6 o'941 0°848 0°326 0°223 
6 13 Vi cu. ft. 13°324 8°607 5691 6°315 3889 6°420 
a 14 Yun rato, . 1°349 1°348 1°347 1°349 1°375 1°383 
Bs 15 to deg. . .|| 212°0 137°9 75'1 162°1 58°38 215°2 
, 16 r ratio. | 2°380 3°336 4°593 4°584 4°454 3°239 
= 17 Ve cu. ft. 31°71 28°71 26°14 28°95 17°32 20°80 
= 18 Va ‘es 12°84 12°84 12°84 12°84 12°84 12°84 
Ay 19 de ratio. 0°405 0°447 0.491 0°444 o°741 o'612 
5 20 a - de 0°734 0°596 0°476 0°476 0°482 0601 
= 21 Pam Ibs. sq. ft. . 5004'9 6410°8 1861°8 7861°8 7960'9 6464°6 
2 22 da ratio. ; 0°732 0°606 0488 0488 0488 0°606 
5 23 Pa Ibs. sq. ft. . 4989°3 6518°3 8060'0 8060'0 8060°0 6518°3 
Z 24 oe ft. Ibs, . 91597" 123296" 150179° 166306° | 101227° 9042 
25 U, a ‘ 36888" 56516° 76310" 76310° 76310" 56516 
26 U. ” 54709" 66780 73869" 89996" | 24917" 33913 
27 Hi, ” 555555" | 555555° | 555555° 555555° | 185185" | 185185 
28 H, eS a a ae 500846" 488775° 481686" 465559" | 160268" 151272 
29 Fs absol. pres. lbs. sq. ft. 1729°2 2326'0 2825°9 3109'1 1438°6 1630°6 
99 » » » in 11°98 16°15 19°63 21°59 9°99 11°33 
30 Py 9” . ft. 17520° 19350° 21253° 19192°8 106920 8904°4 
31 E ratio. . ‘. & 0098 o°120 0133 0162 O°135 0183 
32 Cc Ibs. . 2‘OII 1°647 1°489 1°222 1°471 1'082 














WATER SUPPLY OF ANCIENT CITIES 


By LiEuT. MCHARDY.' 
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N ancient times the water was always allowed to 
flow of its own accord from a high source to the 
reservoir, along a channel prepared for it called 
an aqueduct. 

Aqueducts existed at a very early date indeed. 
SF Among the first mentioned was one erected by 
Solomon, to convey water from Bethlehem to Jerusalem. It was 
similar in construction to much more recent works, the conduit 
being 3 ft. square, and built of freestone, strongly cemented, 
and coated one inch thick with plaster. The stones were 15 in. 
thick. 

But the system of aqueducts never reached such perfection as 
it was carried to in Rome. There vast sums of money were 
expended on these great public works, and their ruins show that 
they had been executed in a style of corresponding magnificence. 

The first Roman aqueduct was constructed about the year 442 
B.C. by the Censor Appius Claudius, whose name it bore. Its 
total length was about 12 miles. 

Another was commenced 40 years after this, which brought 
the waters of the river Anio to Rome, and the expense of the 
work was defrayed from the spoils taken in the war with Pyrrhus. 

Thus, then, were aqueducts from time to time constructed un- 
til, in the time of Nerva, A.D. 96, their number had increased 
to nine, and before the seat of government was removed from 
Rome to Constantinople there were about 20 altogether. 

The management of these works was intrusted to a public 
officer, and the position he held was considered very important ; 
indeed, the office of Prefectus Aquarum was only bestowed on 
those of the highest rank, who had served the State well, and 
distinguished themselves in war, 











? From the Papers of the Royal Engineers. 





As the principles observed in the design of the aqueducts were 
the same for all, it may be well to consider for a short time the 
mode of their construction. 

From the inlet at the source until the water was delivered in 
Rome, the stream was conducted along a closed channel or 
specus, having a regular and uniform slope or fall toward the city. 

The inclination given by the Romans varied from 4, (Vit.) 
to 45, being much greater than that generally allowed at the 
present time ; but this may have been necessary for the better 
scouring of the specus and for preventing any deposit of mud 
or silt. 

In order to maintain the channel at the proper levels it had 
sometimes to be raised on an earthen embankment, or carried 
on a series of arches, and sometimes sunk underground and 
tunnelled through rock. 

Embankment was employed when the culvert was slightly 
above the level of the ground, but when valleys had to be crossed 
the channel ran on the top of lines of arches. When the level 
was very much above that of the ground, a second or third tier 
of arches was built on the lowest series, and the specus laid on 
top of all. 

Our notions of Roman waterworks are apt to be exclusively 
associated with these gigantic erections, but they supported only 
a small portion of the total length of the specus. Thus, we find 
that in the time of Frontinus, A. D. 96, the total length of all 
the aqueducts was about 278 miles, and of these 28 only were 
supported on arches. By far the largest part of the channels 
was below the surface of the ground, for of the 278 miles we find 
that 243 were underground work. 

However, the vastness of the conception, and the great energy 
in execution displayed in the construction of these lines of 
arches, give them deservedly a prominent place in our consider- 
ation of the Roman aqueducts. 

The specus were generally made with rectangular section, or 
with three sides of a rectangle and an arched roof. 

They varied in size from 4 ft. high by 2 ft. wide, to 6 ft. high 
by 4 ft. 3 in. wide. 
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It will be allowed that this section for an aqueduct is not well 
suited for keeping the channel clear of deposit, but the great 
velocity at which the water must have flowed would have tended 
to counteract this. 

The specus were built of stone or brick, except when they 
were tunnelled through rock, in which case a brick lining was 
considered unnecessary. In order to make the culvert water- 
tight it was coated carefully on the inside with plaster laid on in 
separate layers. The tunnelled parts of the line seem to have 
been coated with plaster equally with the parts having the brick 
lining. The plaster which Pliny declares was found to be the 
best, was composed of fresh lime slaked with wine, and rubbed 
with hogs’ lard and the juice of figs. This was rather a strange 
composition for a plaster ; never likely to be used in this coun- 
try. However, I have made a little of it for an experiment, and 
find that the plaster is very much inferior, on the whole, to 
cements made now on a far cheaper plan ; but the surface be- 
comes very hard and resists water well. 

It is natural to suppose that a large quantity of air would be 
drawn into these channels by the flow of the water ; so, to prevent 
any serious consequences from the air thus becoming accumu- 
lated and compressed in the specus, holes were made which 
communicated with the open air, and presented a ready escape 
for the compressed air in the interior. These openings were 
placed about 130 feet apart along the aqueduct. 

When the water had been brought to within about seven miles 
of Rome, it flowed into a settling pond or piscina. The piscina 
consisted of a large covered space in which the water might 
spread out ; and thus, having lost its velocity, the mud in sus- 
pension would be deposited, and the clear water would enter 
the continuation of the specus on the other side. The covering 
consisted of a series of arches, forming long vaults, transverse to 
the line of the aqueduct. The passages for water from vault to 
vault were so arranged as to be ez échelon, so that the water 
was checked as much as possible in its passage through the 
piscina. In some piscine the water passed through four vaults, 


which were so arranged that two were on a level with the specus’ 


and contiguous, while the other two were immediately under the 
first two. The water flowed from one on the top into that below 
it, and from this passed into the other low vault, rising out of it 
into the one above, when it again entered the specus. 

The works were all coated with cement, which remains in 
many cases intact at the present day. 

When the aqueducts approached the gates of Rome great care 
seems to have been bestowed on the decorative building of the 
arches, especially when crossing any of the main roads. 

The specus delivered the water at last into a castellum, or 
service reservoir, from which proceeded pipes to the public 
baths, private houses, or public fountains through the town. Some 
of the pipes emitted water on the spot to those who chose to 
come for it, and were in fact large public fountains. 

The name of the castellum may have been given to these 
reservoirs from the fact that several similar buildings were 
erected along the course of the aqueduct, in which resided the 
soldiers who had to guard the works, and the masons who kept 
them in repair. The bulk of the people of Rome carried the 
water from the public fountains, while the higher class had ser- 
vice pipes laid from the castellum to their own cisterns, The 
quantity of water allowed was regulated by an officer at the 
castellum, who by means of cocks could stop the supply at plea- 
sure. The pipes in which the water was distributed through the 
town were made of lead or earthenware. The leaden pipes had 
a section somewhat oval and pointed on the top. They were 
not soldered, but simply pressed together, and it is just possible 
that the old Romans knew that two clear surfaces of lead when 
pressed firmly together, unite securely and form a perfect joint. 

They certainly had the same dread of the solvent action of 
soft water on lead which exists at the present day. Vitruvius. 
recommended earthenware pipes on this very ground, because 
“water conducted through earthen pipes is more wholesome than 
through lead ; indeed,” he says, “that conveyed through lead 
must be injurious to the human system.” Their earthenware 
pipes had generally a diameter of about two inches, and were 
tongued into one another. In order to strengthen the joints, 
which were sometimes subjected to a pressure of 200 feet, and 
therefore were liable to give way, the Romans enclosed them in 
an envelope of mortar, made with pounded brick, which set so 
firmly as to make the joints the strongest parts of the pipe. 

One other point let us notice—that the Romans never brought 
the water to the light until it was to be used; and on this ac- 
count they must have had it free from animal and vegetable im- 
purities, which so readily appear in water exposed to the sun’s 
rays. 
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(82.) 

N the Elements of Iron Construction.— 
Referring the reader to what we have already 
given on the subject of beams, we proceed to 
remark that although the rectangular section is 
seldom or never used for beams of cast-iron to 
support heavy weights, the section adopted being 

generally what we have already illustrated, in which the lower 
flange has a sectional area six times that of. the upper flange ; 
still, in some parts of machine framing it is used. It will be 
well, therefore, to give the formula for finding the breaking 
weight of a cast-iron beam or bar subjected to a transverse 
strain of which the section is rectangular. Let d be the 
depth of the beam in inches, 4 its breadth, s the span or the 

distance in feet between the supports, and 18 the “ constant,” c, 
for the material. Then multiply the breadth 4 by the square of 
the depth d@, and the result by 18—the quotient divided by s, the 
span, gives the breaking weight in the centre of the bar. If 

the load is distributed over the whole of the beam, the weight 

















Fig. 420. Fig. 421. 
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it will support is twice that which it will bear in the centre ; or 
the constant in this case will be 36 in place of 18. If the bar 
projects from a wall or support, after the manner of a bracket, 
the formula is the same as the above, only the divisor is the 
span s multiplied by four. In this case the load is supposed to 
be at the outer extremity of the bar or bracket ; but if the load 
is distributed over its surface, the constant c will be 36 in place 
of 18. In the case of a beam projecting from a wall, the top 
is subjected to a tensile, the bottom to a compressive strain. 

We now come to the consideration of parts made of cast-iron 
which are to be subjected to compression. These parts are 
known as pillars, or columns, and struts, and braces. Cast-iron 
is not only admirably adapted for these from its high resisting 
powers to compression, but for the ease with which the patterns 
can be cast in any form, and with any degree or extent of 
ornamentation. In figs. 420 to 425, we give diagrams showing 
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various forms of columns and struts, in all of which the 
dimensions for use in calculating their strength are taken across 
the normal part as in the lines cd; the parts used for orna- 
mentation, as at a and 4, being outside of the dotted lines, 
showing the true diameter, not coming into the calculation as 
elements of strength, but only as ornamental accessories. 
Columns are generally cast of a circular form, and either 
hollow, as at e 7, fig. 420, or solid, as in fig. 425; or the 
section may be as in fig. 423, the broad ribs ¢f giving an orna- 
mental characteristic to the design, or the outside may be fluted. 
Of the two forms hollow and solid, the hollow gives the greatest 
strength with the least metal, but the diameter has to be 
increased in proportion; where, therefore, the design requires 
a less diameter, the solid column is used. For columns or 
pillars where the length does not exceed thirty times the 
diameter, and where the ends are flat and firmly fixed, the 
following are the formule of Professor E. Hodgkinson for 
solid and hollow, being those which are generally used. For 
solid pillars let 7 be the length in feet, Z the diameter in inches, 


Fig. 422, Fig. 424. 
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(ef in fig. 421), and 44°16 the constant c. Then ¢ multiplied by 
d@3'6, or the diameter in inches raised logarithmically to the 
36 power divided by 7 1°7, or the length in feet raised 
logarithmically to the 1°7 power, equal to the breaking load 
(B.L.) in tons, as stated thus : 


si7 
Where the pillars are hollow, the outside diameter ¢//, fig. 420, 
and the inside diameter ¢, are required as elements in the 
formula, and as before, 7 is the length of the pillar in feet ; 
the constant c being 44°16 ; then from the 3°6 power of the ex- 
ternal diameter in inches ¢ f, subtract the 3°6 power of the in- 
ternal diameter also in inches; multiply the quotient by ¢ 
44'16, and divide by the 1°7 power of the length / in feet, the 
result is the breaking weight in tons, or as stated thus : 

Cefs6 eh 3 9—pr, 
si7 

As the strength of a cast-iron column is dependent upon the re- 
lation which its diameter bears to its length, this element should 
be taken into consideration in designing columns, for various 
purposes. (1) For buildings where heavy weights are to be sup- 
ported, and where heavy machinery is working, giving rise to 
repeated and disturbing shocks or concussions, a good authority 
states that the length should not exceed ten times the diameter at 
the base. (2) For buildings where lighter weights and machines 








are used, the length should not exceed thirteen times the dia- 
meter. (3) For buildings where public assemblies meet, or for 
factories where light weights and machines are used, the length 
should not exceed fifteen times the diameter ; (4) and for other 
structures, the length should not exceed twenty times the dia- 
meter. Columns, as a rule, are not of the same external dia- 
meter throughout their lengths, being tapered from the base to 
the cap. A pleasing taper is found to be one in ten. The 
thickness of metal in the various cases above stated for columns, 
the diameter of which at base is one foot, is stated by the same 
authority to be (1) one to one and a-half inch of metal, (2) 
three-quarters of an inch to one inch, (3) six-tenths to three- 
quarters of an inch, (4) and from half an inch to five-eighths of 
an inch, 

For short struts or standards, the sections usually adopted 
are those in figs. 420, 421, and 422. To find the breaking load 
of the three forms, in pounds of each square inch of sectional 
area, the following formule are given by a good authority, in 





























Fig. 423. Fig. 425. 
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which ¢ fis the diameter in inches, 7 the length also in inches. 
For a section as in fig. 420: 








= breaking load per square 

4o0e f* 
inch of sectional area, Or square the length 7 in inches, divide the 
result by 400, multiply this by the square of the diameter ¢ fin 
inches ; to the result add one, and by the product divide 85,000, 
which gives the breaking or crushing load in pounds for each 
square inch of section. To find the crushing or breaking load 
of the whole strut, take the sectional area of the outside dia- 
meter, and subtract from this the sectional area of the inside 
diameter ; the-quotient, divided by the amount of the crushing 
load in lbs. per square inch of section as found by the above 
formula, gives the number of lbs. of breaking load of the whole 
strut. For a strut of the sections as in fig. 421, the formula is 
the same as the above for fig. 420, but the divisor is 

32? 
s+ 





400 ¢ f* 
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For a strut as in fig. 422 the divisor is 
Zz 
I+ 
800 e f* 


Wrought-iron beams with a rectangular section, that is 
flat sides and square ends, are rarely used in frame work 
to support steady weights ; but as they are sometimes used 


mn 


Fig. 426. 
































in machine framing, it may be as well to give the formula for 
finding the breaking weight of bars supported at both ends, and 
loaded in the centre. This formula is the same as that we have 
given for cast-iron bars of rectangular sections, but the constant 
in place of being 18 is 27. Where wrought-iron plate beams 
are used, and simply strengthened by angle irons at top and 
bottom, the formula is the same as given below for built beams, 


Fig. 427. 
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as in fig. 261, p. 307, note No. 62, the constant being 60in place 
of 80. The following is the formula referred to, in which B is 
sectional area of bottom flange in inches, D the depth of the 
beam in inches, L length of do., and C the constant, and B L 
the breaking weight at centre, thus : 


BxDxC 

L 
the constant (C) being 80. Where a plate-beam has plates at 
top and bottom, in addition to the angle irons, the constant is 75. 
_ Sub-section : Ornamental work in /ron.—Continuing our de- 
signs for this section, we give in figs. 426, 427, and 428, designs 
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for parts of railing ; in fig. 429, the centre piece for a railing ; in 
fig. 430, a design for the centre of the upper rail ofa railing ; 
and in fig. 431, a design for a centre piece. 


Fig. 428. 


(83.) The Describing of the Eccentric Curves.— 
The “ epicycloid” is a curve generated by a circle rolling round 
either the internal or external periphery of a fixed circle, in place 
of along a straight and fixed line as in fig. 404. If the rolling 
circle runs within the fixed circle, as in fig. 433, the curve gene- 
rated is called an “internal epicycloid ;” if without a fixed circle, 
as in fig. 432, it is called an “external epicycloid.” We shall 
describe that first :—Let adc, fig. 432, be the rolling circle,cdef 
the fixed circle. Through the centres of 6/ draw a line ce, and 
the radius fd; divide the semicircle adc into any number of 
equal parts as seen in the drawing, and the quadrant ¢ d into the 
same number. From the centre 6 describe a semicircle 41, and 


Fig. 429. 
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through the points of division on the quadrant cd, draw from 
centre / lines cutting the circle in the points ¢z7 Zand m. 

From the rolling circle a 6 c, take the distance @ I, and with it, 
from the point z, cut in the point 0 the circle described from g. 
Next take the distance a@ 2, and, from the point Z, with this 
distance, cut in the point of the circle described from the point 
h. Next take the distance a 3, and, from the point 7, with this 
distance, cut in the point s the circle described from the centre 
z. Proceed thus, taking successively the distances a 4, a 5, a 6, 
and a4 ¢, and with these from the points 4, v, and 2, cutting the 
circles described from 7 & /, and a succession of points « w 
y and z will be obtained, and by drawing through the whole of 
the points thus obtained, as 0 g s uw y and 2, half of the curve 
will be obtained ; the other half being obtained by a repetition 
of the process now described ; the half of the curve put in is 
shown at 2 ¢. 

To obtain the curve of an “internal epicycloid,” as in fig. 433, 
the principle of operation is much the same as the last. Let 
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a 6c be the rolling or generating circle, and a de the interior 
periphery of the fixed circle, in which the small circle revolves. 
Draw through centres 6 and f line ae and df. Divide semi- 
circle a 6 ¢ into any number of equal parts as nine in the 
drawing, and the quadrant a d f into the same number in the 
points z 7 kimnoand g. Through the centre 4 of rolling 
circle a 6c from the point f draw a semicircle 0%. Through 
the points g drawn in the quadrant a d, draw lines to /, cutting 
the semicircle d gf in the points grstuv wands. Next 





take the distance a c from the small circle a 4 c, and from the 
point 4 set this distance off to the point y. Next take the 
distance a 8, and from the point Z cut in the point 2 the circle 
described by the point x Next take the distance @ 7, and from 
the point 9, cut in the point a’ the circle described in the centre 
w. Next take the distance a 6, and from the point # cut in the 
point J’ the circle described from the centre v. Taking thus in 
succession the diameters @ 5,a 4, a3, @ 2, and at, and, from 
points #77 and z, by cutting the circles described from the 


Fig. 430. 























centres “ 7s v and g, a series of points as c’d’ c’ and /’ will be 
obtained, through which the curve may be drawn by hand, the 
other half as y ¢ towards right of the radius f# being drawn in 
the same way. 

Ifa cord be wound round the periphery of a circle, as adc, 
(fig. 434), and then—being kept extended—begun to be unwound, 
the end of the cord will describe a curve known as the “zzvolute.” 
To describe this on paper proceed as follows :—let a 4 c be the 
rolling round which the cord is wound, and ¢ the extremity or end 
of which hold is taken in unwinding it. Draw the diameter a4, 
and at right angles to it a line as in the drawing. Divide the 
distance 6c into any number of equal parts, as in the points 
cde f, &c., and through these draw radial lines to the centre of the 
circlea. From the extremities of the radial lines, as ac, ad, ae, 
&c., where they touch the circle, draw lines at right angles to the 
radial lines, as ¢ # at right angles to ¢ a, ditto at right angles to 
da, &c., &c. Next, from the point das a centre, with dcas radius, 
cut the line coinc. Next, from the point ¢ as a centre, with the 
distance ec as a radius, cut the line ef ing; from the point 7, 
with distance fA, cut the line gin g. From point g, with distance 
g 9, cut the line gg in the point y—proceed thus : cutting from 
the points 2 7 7 & / mand 4, with the distances 4", 2, 7*, £", Zc, Zu, 
mn, 6x, the lines hs, ct, ju, ko, lw, mx, by, in the points 
stuvw x and y, through which point the curve is to be drawn 
by hand. 


(84.) The describing of Scrolls, Volutes and 
Moulding.—Resuming our illustrations in this department, 
we give in fig. 435 the scroll of a hand-rail, the following being 
the method of finding the curve :— 


To draw the Scroll in fig. 435.—Draw a line, a 4 a 6, and 
from any convenient points in it, as c, describe a circle 
acbd with a radius equal to the width of the “tread” of 
a step; the drawing in fig. 435 is one-fourth full size. Draw,at 
right angles to a 6, a line e d, and joind 6. Next divide the 
circle a 4 e d into eight equal parts, by dividing the line a dae, 
e 6 6d into two equal parts in the points f g 4 and 4, and join 
the points inf, gz With a radius equal to half the diameter 
of bead of the cap of rail (three-quarters of an inch full 
size), describe the circle ¢ 7, and from the point 4, as a centre, 
describe, with the distance 4 7 as radius, the arc 7 &, cutting the 
line 6 din the point & Divide 7 4 into eight equal parts in the 
points /mnopgandr., From~7, parallel to theline dd, drawa 
liner s, cutting 7 din s ; from g draw another line cutting 7 @.in ¢, 
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and so on as shown. Then from the point ¢ as centre, with the 
distance ¢ s as radius, describe the arc s1, cutting the first radial 
line c / (first from 4) in the point 1. Next, from same centre ¢, 
with distance c 4, describe the arc ¢ 2, cutting the second radial 
ceéin point 2; the arc # 3 cuts the third radial line ¢ gin the 
point 3; the next arc, v 4, cuts the fourth radial line ¢ a in 4; 


Fig. 43). 


the arc w cuts the fifth radial line ¢ / in the point 5 ; 2 corre- 
sponds to the point 6, and is in the sixth radial line ad; the arc 
from y cuts the seventh radial line ¢ 7 in the point 7, and the arc 
7 8 gives the position of the point 8 in the eighth radialline. By 
these operations a series of diminishing distances, measured from 
the centre ¢ a, the radial lines, is obtained as the points 1 2 3 4 
5x7 and8. These points are in order to finish the scroll to be 
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the general method set forth in Rankine, that q,, the ratio of the 
mean forward pressure p, to the initial pressure p,, is given by | 
the formula 


[20] 


from which ZG. « « ;, _ 


For the pump, denoting the ratio by q,, and the mean pres 


sure by p,, we have in a similar manne! 


GROSS WORK IN MAIN CY! 


U.. = (Pp. — Pd X Vs 


WORK OF RESISTANCE OF PUMP. 


v= See see « © = 


EFFECTIVE WORK DEVELOPED, PER 
U-= Uv, — U, 


POUND OF AIR ADMITTED. 


[26] 


HEAT OF COMBUSTION USED FOR SAME, IN 


POUNDS. 


rut FOOT- 


H, N 


HEAT REJECTED IN EXHAUST, IN FOOT-POUNDS. 
H, = H — UV, 


MEAN EFFECTIVE PRESSURE, OR PRESSURE IN MAIN 
CYLINDER, EQUIVALENT TO PERFORMANCE OF WORK. 


U 
i. =". « ow eee 
v, [29] 
When given in pounds per square foot, as directly computed 
from this formula, P, further represents the effective energy 
developed per cubic foot swept through by the main piston. 
PRESSURE EQUIVALENT TO EXPENDITURE OF HEAT. 


a le 
P= v, [30] 


EFFICIENCY OF FLUID. 


E ni 
le oa ”. cae a. I 

H,~ P, [31] 
This also includes the efficiency of the furnace, which for the 
given form of boiler is unity, because of there being no waste 
heat up the chimney. 


. . . . . . . . . . 


c— 


WEIGHT OF FUEL USED, PER EFFECTIVE HORSE POWER PER 
HOUR. 

Since the work performed per pound of fuel is N x U,, and | 
there are 1,980,000 foot-pounds to be performed by the desired | 
weight C of that fuel, it follows that 
— 1,980,000 __ 1,980,000 [32] 

“Pats ExH . 
The following formulz were not applied in a majority of the 


examples, and their deduction is in consequence placed last. 
They relate to the 


DETERMINATION OF THE PRESSURE OR TENSION OF THE 
STEAM IN THE MIXTURE, AND THE TEMPERATURE TO 
WHICH IT WOULD HAVE TO BE LOWERED, FOR CONDENSA- 
TION TO OCCUR AT THE EXHAUST PRESSURE, 


There is first to be found qa, the ratio of p, the tension of the 
steam to p, that of the air, when thorough mixture has taken 
place. As long as the steam remains gaseous, we have 


Pe 


ie me 


P. Vo — 85 w, and = 53°15 w. 


% ¢ 
Dividing the first of these equations by the second, and 
noting that +, = +, = the temperature at any point of the 





expansion of the mixture, we have further 
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85 w, 


3 , or 
Pp Sy 15 Ww. 


53°15 
a ae Ge 85 22 
oS a” to (33] 
P qd 53°95 

To find p for any particular value of p the whole pressure of 
the mixture, since 
p=p. + Pp. 

Ps = Ga P — Ge P 


*. 


and 

or 

da 
i+ Qa 

By substituting p, for p, in this equation, and calculating the 
value of p,, the desired temperature t, of condensation at the 
exhaust pressure may be directly found, as being the boiling 
point corresponding to this fractional pressure. 

For the approximate purposes to which this last set of formule 
is here applied, the errors arising from the departure of steam 
from truly gaseous laws, while closely approaching saturation, 
may be neglected. 

A comparison of t, with t,, the exhaust temperature already 


Pp. = a Pp 
Pp. (1 + Gs) = qup. 
P= 


a. & & « 34] 


-found on the assumption that all of the steam remained gaseous 


throughout expansion, will show whether any condensation has 
occurred, or not, and if so it will enable a judgment to be made 
as to how far the calculations of work based upon gaseous ex- 
pansion, are affected. 

Owing to the fact of the air tending to cool more rapidly than 
the steam, while expanding without gain or loss of heat, the 
latter constantly approaches saturation, and will finally begin to 
condense if the mixture has not been in the first place sufficiently 
super-heated for the given ratio of expansion. Formule could 
be deduced to locate on the diagram the exact point at which 
condensation would first occur, and to calculate the work as 
measured by the area of the diagram with theoretic precision, 
but their complexity would not warrant their use, and it will be 
subsequently seen that in those of the examples following, where 
the effects of this condensation enter at all, the results of calcu- 
lations on work and efficiency, though not influenced to any 
practical degree, will be if anything less than their true values. 

The numerical examples, six in number, are now given in 
tabular form and in the order in which they were originally 
worked out, as being applicable to the plan of aero-steam engine 
considered, while working under several conditions, relative to 
the higher limiting pressures and temperatures, and with varying 
supplies of air, above the amount necessary for complete com- 
bustion. These quantities were chosen to fall within the limits 
of possible practice, and at the same time to give those results 
most likely to be applied with advantage to this form of engine. 

In the first example given, the temperature t, of exhaust was 
chosen at 212° Fahr. to make a more direct comparison with the 
common high-pressure steam-engine, and the boiler pressure p, 
afterwards calculated, but in the other five, it was found best to 
place p, among the data instead of t,, the order of all the deter- 
minations remaining as in the general formule. 

The following data are common to all of the examples, and 
therefore are here introduced, to be referred to when needed, 


COMMON DATA. 

P,=P.=14'7 lbs, per square inch, or p, = p, = 2116'4 Ibs. 
per square foot. 

H = 10,000,000 foot pounds or somewhat less than 13,000 
British thermal units, a fair value for good coal whether bitu- 
minous or anthracite. 

t, = 50°, being roughly assumed as about the average atmo- 
spheric temperature in this climate. 

t; = 100° a value that is supposed to be reached by the use of 
a feed-water heater attached to the exhaust of the engine. 

The least quantity of air practically required for the complete 
combustion of one pound of average coal or coke, was taken at 
18 pounds, being about 1°5 times the amount theoretically neces- 
sary to furnish the oxygen for combination. 

Upon the succeeding page is given the table of examples, ar- 
ranged as far as possible with reference to compactness. The 
horizontal row of figures on the top of the table refers to the 
examples, and the vertical one on the left, to the general formule 
as is there indicated. 

The numerical calculations are only carried out so far as to 
prevent any practically considerable errors from arising. For 
ratios having values near unity, three places of decimals is con- 
sidered to be amply sufficient. 

The value of g,, in the third and fifth examples, is caused to 
come out negative by the fact of t, exceeding t, in which case it 
should be defined as the ratio of the combined quantities of heat 
supplied to the steam, both from the fire and the excess of heat 
of compression, to this latter excess, lost from the air by its fall 
in temperature from t,° to t,°. 
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rical Calculations on Acro-Steam Engines. 























No. of |Symbol for Denomination of No. of Example. 
formula, quantity. quantity. 
I 2 3 4 5 6 
ed P, ibove atmos, Ibs. sq. in, 32°63 60 100° 100° 100° 60° 
a ty deg. Fahr., , 450° 450 450° | 600° 450° 600° 
= Ibs , 18° 18 18° |} 418 54° mt, 
I t deg. . 256°1 3579 466°4 466'4 466'4 357°9 
2 I ratio, 2°294 3172 4°301 | 4°301 4°301 3°172 
3 t, deg. . 2864°5 2864°5 | 2864°5 | 2864°5 989°6 989'6 
4 t 2 31206 32224 | 3330°9 3330°9 1456°0 1347°5 
5 Cs ratio. 13°773 30°102 | —175°7 20°440 61°34 3088 
6 W, Ibs. . 1056 1056 1056 1056 1019 1019 
7 Us ratio, o'519 0540 o'561 o"502 0°196 0°137 
8 W, lbs. . 0°547 0°570 o°592 0°530 0°200 o"140 
ya 9 Ww, wo a 1°603 1°626 1648 1°586 1°219 1159 
& | 10 v, cu. ft. 7°106 4°503 2°932 3418 2°932 5°246 
B=} II v, er 6218 4°104 2°759 2°897 0°957 1°174 
= | 12 qd. | ratio. 0875 ool! 0°94! 0°848 0°326 0°22 
« 13 v1 | cu. ft. 13°324 8°607 5691 6315 3889 6°420 
5 14 Yo ratio. 1°349 1°348 1°347 1°349 1°375 1°383 
Ae 15 te deg. . 212'0 137°9 75'1 162°1 58°8 215°2 
° 16 r | ratio. 2°380 3°336 4°593 4°584 4°454 3°239 
z 17 Vo cu. ft. 31°71 28°71 26°14 28°95 17°32 20°80 
3 18 Vv, = 12°84 12°84 12°84 12°84 12°84 12°84 
r¥ 19 de | ratio. 0°405 0°447 0.491 0°444 o'74I o'612 
5 20 Zan | 9 . 0°734 0°596 0°476 0°476 0°482 o°601 
- 21 Pm | Ibs. sq. ft. . 5004°9 6410°8 1861°8 7861°8 7960'9 6464°6 
2 22 dn | ratio, ’ 0732 0°606 0488 0488 0488 0°606 
- 23 Pa | Ibs. sq. ft. . 4989°3 6518°3 8060'0 8060'0 8060'0 6518°3 
2 24 Ue. |e . 91597 123296" 150179" 166306" | 101227° 90429" 
25 U, ” ; 36888 56516" 76310" 76310" 76310" 56516" 
26 U, . 54709 66780" 73869" 89996" | 24917° 33913" 
27 H, ” 555555 555555" | 555555" 555555" | 185185" | 185185" 
28 H, ‘i Fe ee en 500846 488775° 481686" 465559° | 160268" 151272° 
29 Fs absol. pres. Ibs. sq. ft. 1729°2 2326'0 2825°9 3109"! 1438°6 1630°6 
re - pa - in. 11°98 16°15 19°63 21°59 9°99 11°33 
30 P, » ” ft. 17520° 19350° 21253" 19192°8 106920 8904°4 
31 E | ratio. — 07098 o°120 0133 0°162 0°135 0183 
32 C | Ibs. ‘ 2°01! 1°647 1°489 1°222 1°471 1°082 














WATER SUPPLY OF ANCIENT CITIES 


By LiEuT. McHARDY.' 







SAAN ancient times the water was always allowed to 

( flow of its own accord from a high source to the 
reservoir, along a channel prepared for it called 
an aqueduct. 

Aqueducts existed at a very early date indeed. 

x Among the first mentioned was one erected by 
Solomon, to convey water from Bethlehem to Jerusalem. It was 
similar in construction to much more recent works, the conduit 
being 3 ft. square, and built of freestone, strongly cemented, 
and coated one inch thick with plaster. The stones were 15 in. 
thick. 

But the system of aqueducts never reached such perfection as 
it was carried to in Rome. There vast sums of money were 
expended on these great public works, and their ruins show that 
they had been executed in a style of corresponding magnificence. 

The first Roman aqueduct was constructed about the year 442 
B.C. by the Censor Appius Claudius, whose name it bore. Its 
total length was about 12 miles. 

Another was commenced 40 years after this, which brought 
the waters of the river Anio to Rome, and the expense of the 
work was defrayed from the spoils taken in the war with Pyrrhus. 

Thus, then, were aqueducts from time to time constructed un- 
til, in the time of Nerva, A.D. 96, their number had increased 
to nine, and before the seat of government was removed from 
Rome to Constantinople there were about 20 altogether. 

The management of these works was intrusted to a public 
officer, and the position he held was considered very important ; 
indeed, the office of Prefectus Aquarum was only bestowed on 
those of the highest rank, who had served the State well, and 
distinguished themselves in war. 





? From the Papers of the Royal Engineers. 














As the principles observed in the design of the aqueducts were 
the same for all, it may be well to consider for a short time the 
mode of their construction. 

From the inlet at the source until the water was delivered in 
Rome, the stream was conducted along a closed channel or 
specus, having a regular and uniform slope or fall toward the city. 

The inclination given by the Romans varied from +5, (Vit.) 
to zis, being much greater than that generally allowed at the 
present time ; but this may have been necessary for the better 
scouring of the specus and for preventing any deposit of mud 
or silt. 

In order to maintain the channel at the proper levels it had 
sometimes to be raised on an earthen embankment, or carried 
on a series of arches, and sometimes sunk underground and 
tunnelled through rock. 

Embankment was employed when the culvert was slightly 
above the level of the ground, but when valleys had to be crossed 
the channel ran on the top of lines of arches. When the level 
was very much above that of the ground, a second or third tier 
of arches was built on the lowest series, and the specus laid on 
top of all. 

Our notions of Roman waterworks are apt to be exclusively 
associated with these gigantic erections, but they supported only 
a small portion of the total length of the specus. Thus, we find 
that in the time of Frontinus, A.D. 96, the total length of all 
the aqueducts was about 278 miles, and of these 28 only were 
supported on arches. By far the largest part of the channels 
was below the surface of the ground, for of the 278 miles we find 
that 243 were underground work. 

However, the vastness of the conception, and the great energy 
in execution displayed in the construction of these lines of 
arches, give them deservedly a prominent place in our consider- 
ation of the Roman aqueducts. 

The specus were generally made with rectangular section, or 
with three sides of a rectangle and an arched roof. 

They varied in size from 4 ft. high by 2 ft. wide, to 6 ft. high 
by 4 ft. 3 in. wide. 
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It will be allowed that this section for an aqueduct is not well 
suited for keeping the channel clear of deposit, but the great 
velocity at which the water must have flowed would have tended 
to counteract this. 

The specus were built of stone or brick, except when they 
were tunnelled through rock, in which case a brick lining was 
considered unnecessary. In order to make the culvert water- 
tight it was coated carefully on the inside with plaster laid on in 
separate layers. The tunnelled parts of the line seem to have 
been coated with plaster equally with the parts having the brick 
lining. The plaster which Pliny declares was found to be the 
best, was composed of fresh lime slaked with wine, and rubbed 
with hogs’ lard and the juice of figs. This was rather a strange 
composition for a plaster ; never likely to be used in this coun- 
try. However, I have made a little of it for an experiment, and 
find that the plaster is very much inferior, on the whole, to 
cements made now on a far cheaper plan ; but the surface be- 
comes very hard and resists water well. 

It is natural to suppose that a large quantity of air would be 
drawn into these channels by the flow of the water ; so, to prevent 
any serious consequences from the air thus becoming accumu- 
lated and compressed in the specus, holes were made which 
communicated with the open air, and presented a ready escape 
for the compressed air in the interior. These openings were 
placed about 130 feet apart along the aqueduct. 

When the water had been brought to within about seven miles 
of Rome, it flowed into a settling pond or piscina. The piscina 
consisted of a large covered space in which the water might 
spread out ; and thus, having lost its velocity, the mud in sus- 
pension would be deposited, and the clear water would enter 
the continuation of the specus on the other side. The covering 
consisted of a series of arches, forming long vaults, transverse to 
the line of the aqueduct. The passages for water from vault to 
vault were so arranged as to be ez échelon, so that the water 
was checked as much as possible in its passage through the 
piscina. In some piscinz the water passed through four vaults, 
which were so arranged that two were on a level with the specus 
and contiguous, while the other two were immediately under the 
first two. The water flowed from one on the top into that below 
it, and from this passed into the other low vault, rising out of it 
into the one above, when it again entered the specus. 

The works were all coated with cement, which remains in 
many cases intact at the present day. 

When the aqueducts approached the gates of Rome great care 
seems to have been bestowed on the decorative building of the 
arches, especially when crossing any of the main roads. 

The specus delivered the water at last into a castellum, or 
service reservoir, from which proceeded pipes to the public 
baths, private houses, or public fountains through the town. Some 
of the pipes emitted water on the spot to those who chose to 
come for it, and were in fact large public fountains. 

The name of the castellum may have been given to these 
reservoirs from the fact that several similar buildings were 
erected along the course of the aqueduct, in which resided the 
soldiers who had to guard the works, and the masons who kept 
them in repair. The bulk of the people of Rome carried the 
water from the public fountains, while the higher class had ser- 
vice pipes laid from the castellum to their own cisterns, The 
quantity of water allowed was regulated by an officer at the 
castellum, who by means of cocks could stop the supply at plea- 
sure. The pipes in which the water was distributed through the 
town were made of lead or earthenware. The leaden pipes had 
a section somewhat oval and pointed on the top. They were 
not soldered, but simply pressed together, and it is just possible 
that the old Romans knew that two clear surfaces of lead when 
pressed firmly together, unite securely and form a perfect joint. 

They certainly had the same dread of the solvent action of 
soft water on lead which exists at the present day. Vitruvius 
recommended earthenware pipes on this very ground, because 
“water conducted through earthen pipes is more wholesome than 
through lead ; indeed,” he says, “that conveyed through lead 
must be injurious to the human system.” Their earthenware 
pipes had generally a diameter of about two inches, and were 
tongued into one another. In order to strengthen the joints, 
which were sometimes subjected to a pressure of 200 feet, and 
therefore were liable to give way, the Romans enclosed them in 
an envelope of mortar, made with pounded brick, which set so 
firmly as to make the joints the strongest parts of the pipe. 

One other point let us notice—that the Romans never brought 
the water to the light until it was to be used; and on this ac- 
count they must have had it free from animal and vegetable im- 
purities, which so readily appear in water exposed to the sun’s 
rays. 


| strain of which the section is rectangular. 





THE PRACTICAL NOTE-BOOK OF TECHNICAL IN- 
FORMATION USEFUL TO STUDENTS 
AND WORKMEN. 


(82.) 

N the Elements of Iron Construction.— 
Referring the reader to what we have already 
given on the subject of beams, we proceed to 
remark that although the rectangular section is 
seldom or never used for beams of cast-iron to 
support heavy weights, the section adopted being 

generally what we have already illustrated, in which the lower 
flange has a sectional area six times that of the upper flange ; 
still, in some parts of machine framing it is used. It will be 

well, therefore, to give the formula for finding the breaking 
weight of a cast-iron beam or bar subjected to a transverse 

Let d@ be the 
depth of the beam in inches, d its breadth, s the span or the 
distance in feet between the supports, and 18 the “ constant,” c, 

for the material. Then multiply the breadth 4 by the square of 














the depth d, and the result by 18—the quotient divided by s, the 
span, gives the breaking weight in the centre of the bar. If 
the load is distributed over the whole of the beam, the weight 


Fig. 420. 






























































it will support is twice that which it will bear in the centre ; or 
the constant in this case will be 36 in place of 18, _ If the bar 
projects from a wall or support, after the manner of a bracket, 
the formula is the same as the above, only the divisor is the 
span s multiplied by four. In this case the load is supposed to 
be at the outer extremity of the bar or bracket ; but if the load 
is distributed over its surface, the constant ¢ will be 36 in place 
of 18. In the case of a beam projecting from a wall, the top 
is subjected to a tensile, the bottom to a compressive strain. 
We now come to the consideration of parts made of cast-iron 
which are to be subjected to compression. These parts are 
known as pillars, or columns, and struts, and braces. Cast-iron 
is not only admirably adapted for these from its high resisting 
powers to compression, but for the ease with which the patterns 
can be cast in any form, and with any degree or extent of 
ornamentation. In figs. 420 to 425, we give diagrams showing 
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various forms of columns and struts, in all of which the 
dimensions for use in calculating their strength are taken across 
the normal part as in the lines cd; the parts used for orna- 
mentation, as at a and 4, being outside of the dotted lines, 
showing the true diameter, not coming into the calculation as 
elements of strength, but only as ornamental accessories. 
Columns are generally cast of a circular form, and either 
hollow, as at e f, fig. 420, or solid, as in fig. 425; or the 
section may be as in fig. 423, the broad ribs ¢/ giving an orna- 
mental characteristic to the design, or the outside may be fluted. 
Of the two forms hollow and solid, the hollow gives the greatest 
strength with the least metal, but the diameter has to be 
increased in proportion ; where, therefore, the design requires 
a less diameter, the solid column is used. For columns or 
pillars where the length does not exceed thirty times the 
diameter, and where the ends are flat and firmly fixed, the 
following are the formulz of Professor E. Hodgkinson for 
solid and hollow, being those which are generally used. For 
solid pillars‘let 7 be the length in feet, d the diameter in inches, 




































































Fig. 422, Fig. 424. 
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(ef in fig. 421), and 44°16 the constant c. Then ¢ multiplied by 
d@3'6, or the diameter in inches raised logarithmically to the 
36 power divided by 7 1°7, or the length in feet raised 
logarithmically to the 1°7 power, equal to the breaking load 
(B.L.) in tons, as stated thus : 


Where the pillars are hollow, the outside diameter e/, fig. 420, 
and the inside diameter ¢, are required as elements in the 
formula, and as before, 7 is the length of the pillar in feet ; 
the constant ¢ being 44°16 ; then from the 3°6 power of the ex- 
ternal diameter in inches ¢ /, subtract the 3°6 power of the in- 
ternal diameter also in inches; multiply the quotient by ¢ 
44°16, and divide by the 1°7 power of the length / in feet, the 
result is the breaking weight in tons, or as stated thus: 


C(ef36¢ 436)_pr 
Z1°7 





As the strength of a cast-iron column is dependent upon the re- 
lation which its diameter bears to its length, this element should 
be taken into consideration in designing columns, for various 
purposes, (1) For buildings where.heavy weights are to be sup- 
ported, and where heavy machinery is working, giving rise to 
repeated and disturbing shocks or concussions, a good authority 
states that the length should not exceed ten times the diameter at 
the base. (2) For buildings where lighter weights and machines 








are used, the length should not exceed thirteen times the dia- 
meter. (3) For buildings where public assemblies meet, or for 
factories where light weights and machines are used, the length 
should not exceed fifteen times the diameter ; (4) and for other 
structures, the length should not exceed twenty times the dia- 
meter. Columns, as a rule, are not of the same external dia- 
meter throughout their lengths, being tapered from the base to 
the cap. A pleasing taper is found to be one in ten. The 
thickness of metal in the various cases above stated for columns, 
the diameter of which at base is one foot, is stated by the same 
authority to be (1) one to one and a-half inch of metal, (2) 
three-quarters of an inch to one inch, (3) six-tenths to three- 
quarters of an inch, (4) and from half an inch to five-eighths of 
an inch, 

For short struts or standards, the sections usually adopted 
are those in figs. 420, 421, and 422. To find the breaking load 
of the three forms, in pounds of each square inch of sectional 
area, the following formule are given by a good authority, in 






































Fig. 423. , Fig. 425. 
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which e fis the diameter in inches, 7 the length also in inches. 
For a section as in fig. 420: 
85,000 


(4) 
1+ 


4ooe f* 

inch of sectional area. Or square the length / in inches, divide the 
result by 400, multiply this by the square of the diameter ¢ fin 
inches ; to the result add one, and by the product divide 85,000, 
which gives the breaking or crushing load in pounds for each 
square inch of section. To find the crushing or breaking load 
of the whole strut, take the sectional area of the outside dia- 
meter, and subtract from this the sectional area of the inside 
diameter ; the quotient, divided by the amount of the crushing 
load in lbs. per square inch of section as found by the above 
formula, gives the number of Ibs. of breaking load of the whole 
strut. For a strut of the sections as in fig. 421, the formula is 
the same as the above for fig. 420, but the divisor is 


327 








= breaking load per square 
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For a strut as in fig. 422 the divisor is 
Zz 
1+ 
800 ¢ f 
Wrought-iron beams with a rectangular section, that is 
flat sides and square ends, are rarely used in frame work 
to support steady weights ; but as they are sometimes used 


Fig. 426, 
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in machine framing, it may be as well to give the formula for 
finding the breaking weight of bars supported at both ends, and 
loaded in the centre. This formula is the same as that we have 
given for cast-iron bars of rectangular sections, but the constant 
in place of being 18 is 27, Where wrought-iron plate beams 
are used, and simply strengthened by angle irons at top and 
bottom, the formula is the same as given below for built beams, 




















as in fig. 261, p. 307, note No. 62, the constant being 60in place 
of 80. The following is the formula referred to, in which B is 
sectional area of bottom flange in inches, D the depth of the 
beam in inches, L length of do., and C the constant, and B L 
the breaking weight at centre, thus : 


Ce ee Be 

L 
the constant (C) being 80. Where a plate-beam has plates at 
top and bottom, in addition to the angle irons, the constant is 75. 
_ Sub-section : Ornamental work in [ron.—Continuing our de- 
signs for this section, we give in figs. 426, 427, and 428, designs 


= 34, 





for parts of railing ; in fig. 429, the centre piece for a railing ; in 
fig. 430, a design for the centre of the upper rail ofa railing ; 
and in fig. 431, a design for a centre piece. 


Fig. 428. 


(83.) The Describing of the Eccentric Curves.— 
The “ epicycloid” is a curve generated by a circle rolling round 
either the internal or external periphery of a fixed circle, in place 
of along a straight and fixed line as in fig. 404. If the rolling 
circle runs within the fixed circle, as in fig. 433, the curve gene- 
rated is called an “internal epicycloid ;” if without a fixed circle, 
as in fig. 432, it is called an “external epicycloid.” We shall 
describe that first :—Let adc, fig. 432, be the rolling circle, ¢cdef 
the fixed circle. Through the centres of 6/ draw a line cfe, and 
the ‘radius fd; divide the semicircle ac into any number of 
equal parts as seen in the drawing, and the quadrant ¢ d into the 
same number. From the centre 6 describe a semicircle 4m, and 





through the points of division on the quadrant cd, draw from 
centre / lines cutting the circle in the points gizjk/and m. — 

From the rolling circle a 6 c, take the distance @ 1, and withit, 
from the point z, cut in the point 0 the circle described from g. 
Next take the distance a 2, and, from the point /, with this 
distance, cut in the point of the circle described from the point 
h. Next take the distance a 3, and, from the point 7, with this 
distance, cut in the point s the circle described from the centre 
z. Proceed thus, taking successively the distances a 4, @ 5, @ 6, 
and a ¢, and with these from the points ¢, v, and +, cutting the 
circles described from 7 44, and a succession of points « w 
y and z will be obtained, and by drawing through the whole of 
the points thus obtained; as 0 g s uw y and 2, half of the curve 
will be obtained ; the other half being obtained by a repetition 
of the process now described ; the half of the curve put in Is 
shown at 2 ¢. ; 

To obtain the curve of an “internal epicycloid,” as in fig. 433, 
the principle of operation is much the same as the last. Let 
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abcbe the rolling or generating circle, and a de the interior 
periphery of the fixed circle, in which the small circle revolves. 
Draw through centres 6 and f line ae and d f. Divide semi- 
circle a 6 ¢ into any number of equal parts as nine in the 
drawing, and the quadrant a d f into the same number in the 
points z 7 klmxnoand g. Through the centre 4 of rolling 
circle a dc from the point / draw a semicircle 6.0 4. Through 
the points ¢ drawn in the quadrant a d, draw lines to /, cutting 
the semicircle 4 ¢ / in the points grstuv wands, Next 





take the distance ac from the small circle a 4 c, and from the 
point 4 set this distance off to the point y. Next take the 
distance a 8, and from the point / cut in the point z the circle 
described by the point x Next take the distance a 7, and from 
the point 9, cut in the point @’ the circle described in the centre 
w. Next take the distance a 6, and from the point cut in the 
point 3’ the circle described from the centre v. Taking thus in 
succession the diameters @ 5,a@ 4, a 3, @ 2, and a 1, and, from 
points m/7 and z, by cutting the circles described from the 


Fig. 430. 
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centres “zs rand g, a series of points as c’ d’ e’ and /’ will be 
obtained, through which the curve may be drawn by hand, the 
other half as y e towards right of the radius f# being drawn in 
the same way. 

Ifa cord be wound round the periphery of a circle, as a dc, 
(fig. 434), and then—being kept extended—begun to be unwound, 
the end of the cord will describe a curve known as the “zzvolute.” 
To describe this on paper proceed as follows :—let a 4 c be the 
rolling round which the cord is wound, and ¢ the extremity or end 
of which hold is taken in unwinding it. Draw the diameter a4, 
and at right angles to it a line as in the drawing. Divide the 
distance 4¢ into any number of equal parts, as in the points 
cdef, &c., and through these draw radial lines to the centre of the 
circlea. From the extremities of the radial lines, as ac, ad, ae, 
&c., where they touch the circle, draw lines at right angles to the 
radial lines, as c # at right angles to ¢ a, ditto at right angles to 
da, &c., &c. Next, from the point dasa centre, with dc as radius, 
cut the line coinc. Next, from the point ¢ as a centre, with the 
distance ¢¢ as a radius, cut the line ef inZ; from the point 7, 
with distance £2, cut the line/gin g. From point g, with distance 
gq, cut the line gg in the point x—proceed thus : cutting from 
the points 4 z 7# / mand 4, with the distances A", 2, 7', &°, Zc, Zu, 
mn, bx, the lines hs,ct,ju,ko, lw, mx, by, in the points 
stu vw «and y, through which point the curve is to be drawn 
by hand. 


(84.) The describing of Scrolls, Volutes and 
Moulding.—Resuming our illustrations in this department, 
we give in fig. 435 the scroll of a hand-rail, the following being 
the method of finding the curve :— 


To draw the Scroll in fig. 435.—Draw a line, ad a 6, and 
from any convenient points in it, as ¢, describe a circle 
acbd with a radius equal to the width of the “tread” of 
a step ; the drawing in fig. 435 is one-fourth full size. Draw,at 
right angles to @ 4, a line e d, and join d 6. Next divide the 
circle a 4 ¢ d into eight equal parts, by dividing the line a dae, 
e 6 6d into two equal parts in the points f g # and 2, and join 
the points inf, gz. With a radius equal to half the diameter 
of bead of the cap of rail (three-quarters of an inch full 
size), describe the circle ¢ 7, and from the point J, as a centre, 
describe, with the distance 4 7 as radius, the arc 7 &, cutting the 
line 6 din the point &. Divide 7 £ into eight equal parts in the 
points 7mnopfgandr. From~7, parallel to theline dd, drawa 
liner s, cutting 7 d in s ; from g draw another line cutting 7 d in ¢, 
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and so on as shown. Then from the point ¢ as centre, with the 
distance ¢ s as radius, describe the arc st, cutting the first radial 
line c / (first from 4) in the point 1. Next, from same centre c, 
with distante c ¢, describe the arc ¢ 2, cutting the second radial 
c ein point 2; the arc #3 cuts the third radial line cg in the 
point 3; the next arc, v 4, cuts the fourth radial line ¢ a in 4; 


Fig. 43]. 





‘“ 


the arc w cuts the fifth radial line ¢ f in the point 5; x corre- 
sponds to the point 6, and is in the sixth radial line ad; the arc 
from y cuts the seventh radial line c z in the point 7, and the arc 
7 8 gives the position of the point 8 in the eighth radialline. By 
these operations a series of diminishing distances, measured from 
the centre c a, the radial lines, is obtained as the points I 2 3 4 

















5 x7and 8. These points are in order to finish the scroll to be 
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formed by arcs of circles, the centres of which are found as 
follows :—from the point 4 a as centre, with the distance 4 ¢ as 
radius, describe an arc c 9, and from the point 1—in line c /— 
with the same distance kept in the compasses, describe another 
arc cutting the first arc in the point 9. From the point I—on 
line ¢ h—as centre, with the distance 1 ¢ as radius, and from 


the point 2—on line ¢ e—describe arcs cutting in point Io. 
From the point 2, with a radius equal to a c, and from the point 


3 in the line ¢ g, describe arcs cutting in the point 11. From 





the point 3 with radius 3 ¢c, and from the point 4—on line c a— 
describe arcs cutting in the point 12. From the point 4 with 
radius 4 a, and from the point 5, describe arcs cutting in the 
point 13. From the point 5 with radius 5 c, and from the point 
x on line ¢ d, describe arcs cutting in the point 14. From the 
point 7 in the radial line ¢ z, with radius 7 c, and from the point 
8 as radial line, describe arcs cutting in the point 15. These 
points, 9 to 15 inclusive, are the centres from which the scroll 
curves or arcs are to be described thus :—from the point 9 


Fig. 433: 








as centre, with the distance 9 r—in the line c —describe an arc | 


1 a@, cutting a line 9 @ drawn parallel toc 46. From the point 
Io as centre, with distance ro 1, describe the arc 12. From the 
point 11, with 11 2 as distance, describe the arc 2 3. From the 
point 12, with 12 3 as distance, describe the arc 3 4. From the 
point 12 as centre, with distance 12 4, describe the arc 4 5. 
From the point 13 as centre, with distance 13 5, describe the 
arc 5 x From the point 14, as centre, with distance 14 2, 
describe the arc x 7 7. From the point 15 as centre, with 





distance 15 7, describe the arc 78. Finally, set off from a’ to B 
the distance a’ 5’ equal to breadth of rail, and from the point 9 as 
a centre, with 9 J as distance, describe the arc 7 c’ ; from the 
point 10, with ro J ¢, the arg ¢’ @’, from the point 11-the arc @é, 
from the point 12 the arc #¢ ; fill with a full line the part of 
the circle from fto 11, and ease off by hand the part 11 and 
the curve described from 7 to 8, or the centre of an arc from 
7 to 11 will be found in the circle 12 7 half-way between centres 
14 and 15 at ¢’. 
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To draw a Spiral Scroll from the centres, as in fig. 436.—Let | point 4 from cas a centre, draw a quadrant of a circle in full line. 
a é be parts of any two given circles, draw two diameters a cf | From the point / as centre describe an arc s, cutting and termi- 


intersecting at centre c. From c divide c 4 into four equal parts, | 
with one of these set off from ¢ to the point /, and from / draw a 
line / ¢ parallel to @ 4, cutting a line in ¢fromd. ‘From the | 


nating at the line #4. From the point ¢ as centre, with ¢ / 


| as radius, describe an arc, cutting the line ¢ / parallel to ¢ /. 


From ¢ as centre, and distance ¢ z, describe the arc 7 7, cutting 


Fig. 435. 
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the line 87inZ, Frome as centre describe an arc cutting 74 in 2, 
From / set off to #, and from g as a centre, with g m as radius, 
describe the inner curve. 

Mouldings. —In figs. 437 and 438 we illustrate a method of de- 
scribing “ Cyma recta” or “ Cymatium” moulding, the Roman 
style, in which the curved parts are arcs of circles. In fig. 437 the | 
height a 4 and projection 6c are equal. Join the points 6c by a 








line, bisect this in the point @, and through it parallel to the line 
bcdrawalineedf Bisect the parts a d, dc by arcs described 
from the points a d and ¢, with radius greater than half of ad 
ordc. Through the points of intersection of these arcs draw 
lines, cutting the line ¢ d f in the points eand f From these 
points as centres, with radius e d, fd, describe arcsad,dc. In 
fig. 438 the height a 4 and the projection 4 ¢c are equai, but the 
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centres of the arcs giving the outline of the moulding are found 
differently from those in the last fig. Join the points a c, bisect the 
line cc in the point d@. Divide a d, dc each into six equal parts, 
and from the first and fifth of the points as centres, with I 5 as 
radius, describe arcs cutting in the points ¢ and f From these, 
as centres, with ¢ ¢, fa as radii, describe arcs,ad,dc. In fig. 


439 the mouldings are in the Grecian style, the curves being 
drawn through points found as follows :—let a d be the height, 
and ac the projection of the moulding. Divide @ 4 into two 
equal parts in the point d, and through d draw, parallel to ac, 
the line de. Divide the projection a c into three equal parts in 
the points f and g; from g draw a line to 4, parallel to 
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‘ 
‘ 
‘ 
‘ 
\ 





SJ 4; and from ¢, cz also parallel to f 4. Divide the distances 
kj, k e,k g,and & h each into four equal parts. From the 
point z, through the first, second, and third points in & e, draw 
lines intersecting lines drawn from the point e through the 
points in the line g%. The intersection of these lines will give 
points as /, m, and x, through which a curve may be drawn or 
traced, as ¢ #, which will be the upper half of the curve of the 
moulding. The lower half is found in a similar way—lines 
being drawn from the point fthrough the points in the line £7 
—intersecting lines drawn from the point 4 through the points in 


Fig. 446. 


hk. The intersection of these lines gives the points 40 and g, 
through which the curve £ 4 is drawn. In fig. 440 the curve is 
much more abrupt than in fig. 274, the height, a 4, being much 
greater than the projection 6c; but the points through which 
the curve @ gc is drawn are obtained much in the same way as 
in fig. 439, the line ef being drawn parallel to a d, andghi 
parallel to dc, these being drawn through points fand /, equi- 
distant between @ and d,and 4 and c. Each of the parts, as 
¢2,2f,,£%,g h, are divided into three equal parts; and lines 
drawn through the points thus obtained, as 1, 2, 3, 4, form the 
points a 4, c d, which intersect, giving the points through which 
the curve is to be drawn. 


(85.) The Students’ Sketch-Book of Working 
Drawings.—Section B.—Construction and Build- 
ing.— Under this department we resume our sketch of practical 
brickwork, giving the bond in the first and second courses—all 


Fig. 447. 


WO 


the succeeding ones being but a repetition of those two—at the 
angles of a wall in “ Old English Bond,” of which, in a former 
note, we have given elevations and sections. Fig. 441 is the 
first course with the “closer” ¢ at the right hand side, which 
takes its place in the front corner in the second course as shown 
in fig. 442; a second closer is at c’ in the interior of the wall. 





It will be noticed how the arrangement of the bricks alter- 
nate; thus the “headers” 44 in fig. 441, the first course in 
the front wall, take their place in the end walk in fig. 442 in 
the second course, and so on as indicated by the same letters 
in the two drawings. In fig. 443 we illustrate the elevation of 
a wall in “ Flemish Bond.” As in “ Old English Bond,” already 
illustrated in a former note, the courses of bricks are made up 
of alternate courses of headers and stretchers; in “ Flemish 
Bond,” each row has in it both “stretchers” as a@ a, and 
“headers” as 4 4, these alternating ; a “closer” @ being the last 
but one in the row. In fig. 444 we give plan of first course A 
(fig. 443), and in fig. 445 plan-of second course B (fig. 443), of the 
wall in fig. 443, in which a a are “ stretchers,” 4 d ‘‘ headers,” ¢ ¢ 
“closers.” In fig. 446 we give a cross section of fig. 444 on the 
line a’ 3’, and in fig. 447 a section of 445 on the line a’ &, 


(86.) 


§ 1. Recipes and Brief Memoranda Useful in the 
Technical Arts. 


In No. 2, p. 136, of “The Practical Magazine,” we gave 
the first series of a collection of “ useful facts and figures” under 
the above head ; we now give the second instalment. 


To Coat Iron with Copper.—McReinsch has in- 
vented a process by means of which a firm and durable coating of 
copper may be deposited upon iron. His method is as follows :— 
Cleantheiron byrubbing it well with cream of tartar,and afterwards 
with charcoal powder. Place it in a bath of hydrochloric acid, 
diluted with 3 or 4 times its volume of water, in which a few drops 
of a solution of sulphate of copper have been poured. After a 
few minutes have expired, withdraw the iron, and rub it with a 
piece of cloth, then replace it in the solution, adding another 
portion of sulphate of copper. By following this plan, and adding 
at each immersion a new supply of sulphate of copper, the layer 
of copper may be increased at pleasure. Lastly, introduce the 
coated iron into a solution of soda, then wipe clean and polish 
with chalk. The coating thus obtained will be as firm and 
durable as that deposited by the electrotype process. 


Alloy for Plates used in Calico Printing.—A 
white alloy, peculiarly adapted for the plates used in calico print- 
ing, and used for that purpose in Ghent, has the following 
composition :— 

Tin ‘ ° 
Lead 
Bismuth 


§2. The Building Arts. 


Height of Stone Piers.— The length of stone 
columns or piers should never exceed twelve times the diameter at 
the base. The load should not exceed one-tenth of the crushing 
weight. The following gives the weight in tons per square foot 
to produce fracture in various stones : Aberdeen granite, 500 ; 
Peterhead granite, 400; freestone (Craghill), 200; Bath, 80; 
limestone (magnesium), 100; sandstone, 350 ; marble, 400 ; brick- 
bat, 70; ordinary, 40 ; fire-brick, 70; brickwork, ordinary, 20; 
if set in cement, 30; masonry in rubble, 20. 


Useful Notes connected with Ventilation.— 
Taking the number of respirations per minute at twenty, and the 
quantity of air sent out at each as forty cubic inches ; the quantity 
of air rendered unfit for breathing is 28 cubic feet per hour. But 
along with the vitiated air there is a certain amount of moisture 
exhaled from the lungs, this amounting to as much as will 
saturate seven pounds of air at 62° Fahr., and allowing half 
saturation only, this will require 187 cubic feet of air to be allowed 


- 46°81 
+ 37°44 
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for, which added to the 28 cubic feet previously obtained, gives 
215 cubic feet of air, which requires to be changed each hour. 
But in addition to the mere vitiation of the air by breathing, and 
by the moisture which air contains, it carries with it organic 
matter of a highly offensive kind, tending still further to render 
the air impure, and again the air vitiated by gas or candles must 
be allowed for, so that at least 400 cubic feet of air per hour must 
be changed per head. In hospitals the allowance is 1,000 cubic 
feet, and in prisons 600. The amount of cubic feet of fresh air 
admitted by an ordinary-sized sash window per minute may be 
put down at eight. 


Incombustible Wash for Walls.—Slack stone lime 
in a large tub or barrel with boiling water, covering the tub or 
barrel to keep in all the steam. When thus slacked, pass six 
quarts of it through a fine sieve. It will then be in a state of 
fine flour. Now, to six quarts of this lime, add one quart of 
rock salt, and one gallon of water; then boil the mixture, 
and skim it clean. To every five gallons of this skimmed 
mixture, add one pound of alum, half a pound of copperas, 
by slow degrees add three-fourths of a pound of potash, and 
four quarts of fine sand or hickory ashes sifted. We sup- 
pose any kind of good hard-wood ashes will answer as well as 
hickory. This mixture will now admit of any colouring matter 
you please, and may be applied with a brush. It looks better 
than paint, and is as durable as slate. It will stop small leaks 
in the roof, prevent the moss from growing over and rotting the 
wood, and render it incombustible from sparks falling upon it. 
When laid upon brickwork, it renders the brick impervious to 
rain or wet. 


§ 3. Cements, Varnishes, Se. 


Painting of Machinery, &c. — Some machines— 
notably those connected with agriculture—are painted in exe- 
crably bad taste, with glaring, ill-contrasted colours. The 
following hints on this subject will be worthy of perusal :— 
Avoid blazing contrasts of colour, such as bright red, next 
bright green or bright blue, next bright yellow, such contrasts 
are not harmonious. Let one of the two colours always be sub- 
servient to the other. It is not so much what colour a material 
is, but how that colour is made to appear. It is necessary to 
bear in mind that all colours have their complementaries, which 
add to or detract from the beauty of the adjoining colours, ac- 
cording to what they may be. Thus, the complementaries of 
red are green ; of blue are orange ; of yellow are violet. If you 
cut out pieces of grey paper in an ornamental form, and stick a 
piece on each of the three colours I have named, you will find in 
a shaded light the grey will be fully tinted by the complemen- 
taries of these colours. But you cannot lay down precise rules, 
An experienced artist can bring any two colours together by 
properly modulating them. I will suggest a few contrasts: I. 
Black and warm brown. 2. Violet and pale green. 3. Violet 
and light rose colour. 4. Deep blue and golden brown. 5. 
Chocolate and bright blue. 6. Deep red and grey. 7. Maroon 
and warm green. 8. Deep blue and pink. 9. Chocolate and 
pea-green. 10. Maroon and deep blue. 11. Claret and buff. 
12. Black and warm green. 

Fixing of Printed Labels on Machines, &c.—Labels are often 
required to be affixed to parts of machines ; but the paste, &c., 
used for this purpose often becomes damp, and the labels fall 
off. A paste or mucilage to resist damp may be made as 
follows :—Prepare a paste of good rye flour and glue, to which 
linseed-oil varnish and turpentine have been added in the pro- 
portion of half an ounce of each to the pound. 


New Compound of Resin and Lard.—Professor 
Olmsted read a paper before the American Association for the 
Advancement of Science, on a new and important compound of 
resin and lard. It is best made by adding one part of resin, in 
fine powder, to three parts of lard, and stirring the mass well, 
without the application of heat. The compound is more easily 
fusible than lard, running freely at 72°. The addition of resin 
prevents, in the lard, its tendency to spontaneous decomposition 
or rancidity. Hence it is valuable for lubricating articles of 
brass and copper, such as the barrels of air-pumps, stop-cocks, 
&c. It may be used either with or without blacklead, to protect 
stoves, grates, and iron piping from rust. The new compound forms 
also an excellent waterproof paste for leather, which does not 
rub off, and admits of the subsequent application of blacking. 
The addition of a small quantity of resin to lamp oils greatly 
increases their illuminating power, and renders them less liable 
to coagulate. 

Cement for China, Glass, &c.—To one ounce of gum-mastic 
add as much spirit of wine as will dissolve it. Soak one ounce of 





isinglass in water till it is quite soft ; then dissolve it in pure 
rum or brandy till of the consistence of glue. To this add one- 
quarter ounce of gim-ammoniac well rubbed and mixed. Put now 
the two mixtures together in a vessel over a gentle heat till 
properly united, and the cement is ready for use. It must be 
kept in a phial well-stopped, and when about to be used, it 
ought to be set in boiling water to soften. 


§ 4. Miscellaneous. 


The French Metric System of Measures and 
Weights.—The metric system is now so often referred to 
in technical papers that to the young student the following 
notes upon it may be useful :— 

The unit or base of the measure of length or linear measure 
is the “‘metre”—the ten-millionth part of the distance from 
the North Pole to the Equator—the length of the metre in 
English measurement is 1°0936 yards, 3'2809 ft., or 39°371 in. 
The multiples of the metre are 10, 100, 1,000, and 10,000, and 
are named by prefixes as follows, these being derived from the 
Greek : the multiple of 10 by “ Deca,” of 100 by “ Hecto,” of 
1,000 by “ Kilo,” of 10,000 by “ Myria.” The sub-multiples, or 
divisors, are 10, 100, and 1,000, and are obtained by dividing 
the metre by these, and are named by prefixes derived from the 
Latin as follows :—of 10 “ Deci,” 100 “ Centi,” and of 1,000 
Milli.” 

The Millimetre = 1,oooth part of a metre = to English in. 
The Centimetre = tooth part of a metre = 
The Decimetre = roth part of a metre = 
The Decametre = Io metres = 

The Hectometre = 100 metres = 

The Kilometre = 1,000 metres = 

The Myriametre = 10,000 metres = 3937 10°000 
The Metre = 39°3710 


An English inch is equal to 2°539 centimetres ; an English 
foot to 3°0479 decimetres ; an English yard to o’9148 metres. 

The French Square Measure.—A square metre is equal to 
I00 square decimetres, or 10,000 square centimetres. A deci- 
metre square is equal to 100 centimetres square, and a centi- 
metre square equal to 100 millimetres square. An English 
square inch is equal to 6°444 centimetres square, an English 
foot to 9'290 decimetres square, and an English yard to 0°8369 
of a metre square. In French Cudic Measure the unit is one 
“* stére,” which is equal to a cubic metre. The multiples are 1o, 
100, and 1,000, designated respectively the décastére, the hecto- 
stére, and the kilostére. The divisions are the décisttre, the 
centistére, and the millistére. 


°3937 
"39371 
3°9371 
393°7 100 
3937° 1000 
3937 1000 


The millisttre = 1oooth part of a cubic stére = to 
English cubic inches 
Iooth part of a cubic stére = to 
English cubic inches 
Ioth part of a cubic sttre = to 
English cubic feet 


61°028 
The centisttre = 
610°28 
The décisttre = 
3°5317 
35°317 


1308 


The stére = to English cubic feet 
The décastére = to 10 cubic stére = to English cubic 
yards 

The hectosttre = 100 cubic sttres = to English 
cubic yards 

The kilostére = 1000 cubic stéres = to English cubic 
yards 


130°8 
1308°10 


A metre cube is equal to 1,000 decimetres cube, or 1,000,000 
centimetres cube. A decametre cube is equal to 1000 centl- 
metfes cube. An English cubic inch is equal to 16,305 
cubic centimetres ; an English foot to 28°314 cubic decimetres ; 
and an English yard to 764°580 cubic decimetres. 


WHITWORTH ORDNANCE. 


HE Committee on Artillery Studies, after nearly 
two years of consideration of the various systems 
of cannon, have pronounced definitely in favour 
of the Whitworth rifle cannon as that which, from 
its material, the processes of manufacture, and 
the system, most nearly approaches perfection. 

The committee emphatically condemn the French system of 
cast iron strengthened by wrought-iron bands, as unscientific 
and practically proved inefficient. The Krupp gun, of Krupp 
cast steel, strengthened with bands, they consider unreliable, 
notwithstanding its fine material, chiefly owing to the uncertainty 
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and irregularity of effect which, they say, always attend the 
action of the hammer, however ponderous, on masses of iron. 
Finally they consider the English Armstrong, Woolwich, and 
Whitworth cannon much superior, in construction and strength, 
to the best yet produced on the Continent, the Woolwich an im- 
provement on the Armstrong, and the Whitworth far ahead of 
either in the essential qualities of a good gun. This superiority 
of the Whitworth cannon the committee ascribe to the quality 
of the homogeneous steel used, to the care in its selection, to 
the oil tempering which it receives, to the use of the hydraulic 
press instead of the hammer, and to the mode of constructing 
and connecting the cylinders and other parts of the gun. In 
relation to the quality of duration, the committee mention that 
while the Krupp cannon has an average life of 600 to 800 shots, 
the Whitworth cannon employed by the Brazilian forces during 
the Paraguayan war, have averaged 3,500 to 4,000 shots each, 
without a single case of bursting or serious damage having 
occurred among them.—7he Brazilian Times. 


PHOSPHOR-BRONZE:' 
By C.J. A. Dice. 


HOSPHOR-BRONZE has for some years past 
attracted general attention in all the scientific, 
military and industrial circles of Europe and the 
United States. The invention is due to the owners 
of the Belgian Nickel Works of Val-Benoit, to 

whom the execution of very extensive tests with 

different compositions of bronze for ordnance was entrusted by 

the Russian Government. They succeeded in establishing as a 

scientific fact, the great superiority of phosphorized alloys of 

copper and tin, and in advancing the manufacture of those alloys 
on a large scale, to a state of perfection. 

Many of the European military powers have conferred upon 
the inventors the highest honours and decorations attainable by 
civilians ; the several phosphor-bronze works established on the 
continent of Europe have been eminently successful, and in 
England a powerful company has recently been organized for 
the purpose of fully working the new alloy in all its branches 
and applications. 

In the United States the invention was patented a few years 
ago, and the writer, who controls the enterprise in this country, 
has since obtained patents for sundry improvements. Smelting 
works have for some time past been in operation in Pittsburgh, 
Pa., producing large quantities of phosphor-bronze and supplying 
the Pittsburgh mills and some of our leading railroad companies. 
The increasing demand for this new alloy is soon to be met by 
the establishment of additional works in Philadelphia or New 
York. 

The chemical action of phosphorus on the metals composing 
the alloy is claimed to be two-fold; on the one hand it reduces 
any oxides dissoved therein, and on the other it forms with the 
purified metals a most homogeneous and regular alloy, the 
hardness and the toughness of which are completely under 
control. 

We give the records of some of the tests made by the 
highest European authorities, such as Mr. David Kirkaldy, 
Col. Uchatius, and the Testing House of the Prussian Royal 
Academy, all of which will be found of great interest. 

No other metal or alloy combines in so high a degree as 
phosphor-bronze, the conditions of toughness, rigidity, hardness, 
and great elastic resistance. From the drop-tests hereafter 
stated, its comparative relation in this respect, to some of the 
best grades of wrought iron is made very apparent, and it seems 
almost incredible that a simple casting should not only equal, 
but by far overreach products upon which the most laborious 
working, hammering, rolling, and high mechanical skill have 
been expended. 

Mr. David Kirkaldy’s experiments with qualities of phosphor- 
bronze, sufficiently ductile to be drawn into fine wire, or rolled 
into sheets, determine its superior value as compared with brass, 
copper, coke-iron, charcoal-iron and steel, for all such manu- 
factures. 

The non-liability of phosphor-bronze to crystallize under heavy 
and often repeated strain or continued vibration, is demonstrated 
by the elaborate tests made and now making by the Prussian 











' The following notes on the new alloy, phosphor-bronze, were pre- 
pared by Mr. Dick for a gentleman of this city, who, deeming them of 
importance, has sent the paper.to us for publication. —Ep. of ** Journal 
of the Franklin Institute.” 
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Government, the results of which, in this particular, place 
phosphor-bronze far above any competing material. Moreover 
if, jointly with this quality, the fact of the total absence of easily 
corroded metals, such as zinc, be taken into consideration, the 
advantages offered by the use of phosphor-bronze can scarcely 
be over-estimated. The effect of sea-water or of diluted sul- 
phuric acid on phosphor-bronze is but slight, and much less than 
on copper. 

A peculiarity of phosphor-bronze, the value of which will be 
appreciated by practical metallurgists, is, that in remelting the 
metal, not a particle of its component quantity of tin is “ burnt 
out,” that it makes castings of unrivalled soundness, and that, 
being as liquid as quicksilver, it fills even the most minute im- 
pression in the mould and can be cast in chills to great ad- 
vantage. Its point of fusion is practically the same as that of 
ordinary gun metal. 

Some of the experiments above alluded to are stated in the 
following tables : 


TABLE I. 


Results of experiments to ascertain the Tensile Strength and 
resistance to Torsion of various Wires. 


By Mr. DAvID KIRKALDY, London. 














. To Ultimate Number of 
ener y Wire Pulling Stress per square inch.| extension | twists 
— in per ct. in 5 inches. 
| ~ 
hard. annealed. | annealed. hard. | annealed. 
} 
Ibs. Ibs. 
Copper . « 63,122 37,002 34°1 86°7 96 
ia +. es 81,156 51,550 30°5 14:7 57 
Charcoal Iron . 65,834 46,160 28 48 87 
Coke Iron. 64,321 61,294 17 26 44 
| Feoerer 120,976 74,037 10'9 ” 79 
Phosphor-Bronze, r. 159,515 58,853 46°6 13°3 66 
” ” 2. 151,119 64,569 42°8 15.8 60 
9 » 3 139,141 54,111 44°9 17°3 53 
9” » 4 120,950 53,381 42°4 13 124 




















* Of the 8 pieces of Steel tested, 3 stood from 40 to 45 twists, and 5 stood from 
1} to 4 twists. 


TABLE II. 


Result of experiments to ascertain the Resistance to Extension, 
Set and Rupture under gradually increased pulling stress. 


By the same. 





— 
Elastic stress ial Ultimate stress | Ultimate perma 

















i 5 : t extension i 
Specimens square inch. | Per square inch. ¥ ont ao ” 
Ibs. Ibs. per cent. 
Phosphor-Bronze, No. rt. 55,200 73,987 3°2 
pes ion « es 40,500 63,653 9"4 
»” os No. 3. 26,300 54,060 313 
TABLE III. 


By CoL. UCHATIUS, Director of the Imperial Ordnance Works, 
Vienna, Austria. 





Absolute resist- | Elastic resistance 











Specimens. ance inkilos. per} in kilos. per | Stretch ny ial 

sq. centimetre. | sq. centimetre. | — 

kilos. kilos. | per ct. 

Phosphor-Bronze, No. 0. . . 3600 600 20°66 

” » 0. 00. . 5660 3800 1°6 
} Krupp Cast Steel . 5000 1000 11° 
| Ordinary Gun metal . 2200 385 15 
TABLE IV. 





A.—Tests by repeated application of direct strain. 


By the TESTING-HOUSE OF THE ROYAL ACADEMY OF IN- 
DUSTRY, AT BERLIN, PRUSSIA; these tests are being made 
| by order of the Prussian Government. 

















PHOSPHOR-BRONZE. ORDINARY GUN-METAL, 
No. Tensile strain |Numberofefforts|| 4, | Tensile strain | Number ofefforts 
* | per square in. until rupture. ve | per square in, | until rupture. 
Broke before 
I ro tons. 408,350 I ro tons. total strain was 
applied. 
2 128 »» 147,850 2 IO » 4,200 
3 o « 3°100,000 3 7% » 6,300 
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B.—Tests by repeated bending in the same direction. 





ORDINARY GUN-METAL., 


PHOSPHOR-BRONZE. | 





Numberof Bends 
until rupture. 


Tensile strain 
per square in. 


||- 
Tensile strain [Number of Bends|| 


No. | : Fi i] 
per square in. until rupture. || 





ro tons. 862,980 to tons, 


ae 4 million é 
” 3 | 
” 2 » | 


C.—Tests by repeated double twisting. 


A bar of hammered Phosphor-Bronze, under a strain of 12 tons 
per sq. inch, has until now, without breaking, stood more than 
24 million twists, whilst according to Wohler’s experiments, 
a bar of Krupp Cast Steel under 12 tons strain, droke after 


102,650 
150,000 
837,760 


I 

2 9 
3 74 
4 6 








879,700 twists, and another bar of the same under 13 tons strain, 
broke after 1,007,550 twists. 


DROP-TESTS MADE AT THE PITTSBURG WORKS. 


Weight of drop 148 Ibs. ; height of stroke 12 in., except where 
otherwise stated; distance between supports, 4 in.; striking- 
face of drop, a blunted wedge-shape ; test bars, 6 in. long, 2 in. 
wide, and # in. thick. 

The letters inserted in the following table indicate the state 
of the surface of the test-bar, on the side upon which the blow 
has been given: a, sound ; 4, slight cracks at edge; c, cracks at 
edge increase in size ; @,slight cracks inthe middle of the test-bar ; 
é, cracks in middle increase in number; /, cracks in middle 
increase in size; g, remains unaltered. —, straight. ~, test- 
bar reversed. 


Drop TESTS, 
The fractions of inches stated in the table represent the permanent set of the test bar after the blow. 





Metals Tested: 


Number of Blows. 





Phosphor-Bronze, xiv., B. 





Phosphor-Bronze, 6 X 17. 





Rolled Charcoal Scrap Iron, 
best quality. 








Best Charcoal Fire Box 
Plate Iron. 











The same, cut crosswise off 
plate. 








Charcoal Tank Plate Tron. 





Best Forged Charcoal Iron. 








9 | 10] 11 | 12 | 13 16 | 17 | 18 | 19 20 








7 2 3 Broke. 
16 z 
f 








3 foot blows, 

” 5 ea ler A—-, 

1” | <> Broke. 
bia 











8 foot blows. 
Minis 


= 
= Broke. 
d 





1 Broke. 
f 





















































It is apparent from these drop tests that the rigidity of phos- 


phor-bronze is greatly superior to that of iron, for it takes 13 | 


blows to bend the bar XIV. B to the depth of one inch, whilst 
the best quality of forged charcoal iron takes eight blows, and 
best charcoal scrap iron but six blows for the same bend. 

The strength of the phosphor-bronze bar No. 6 x 17 is superior 
to that of best charcoal scrap iron, it having stood five more 
blows of 12 in. than the latter before being again completely 
straightened, the number of blows from a height of 8 ft. (3) 
given thereafter, being the same in both cases. The relative 
strength of phosphor-bronze as to that of other qualities of iron 
tested, needs no comment. 

The application of phosphor-bronze to military purposes has 
undergone thorough investigation. Several European govern- 
ments have experimented on the use of the alloy for making 
cannons ; without any exception the results showed a much 
greater resisting power over that possessed by ordinary bronze. 
The following instances will be of general interest :— 

In Belgium the ordinary bronze gun burst at the second shot, 
with a charge of 1 kilog. 250 gr. (23lb.) of powder and a cylin- 
drical projectile weighing 8 kilog. 518 gr. (183 lbs.) The phos- 
phor-bronze gun supported this charge perfectly ; the normal 
charge was 500 gr. (I I-10 lbs.) of powder and 3 kilog. (63 Ibs.) 
of projectile. 

In France, the ordinary bronze gun burst at the second shot, 
with a charge of 1 kilog. 500 gr. (3$ lbs.) of powder and 
16 kilog. (354 lbs.) of projectile, while the phosphor-bronze gun 
was fired five times with this charge, and with a charge of 
1 kilog. 750 gr. (37 lbs.) of powder and a projectile of 20 kilog. 
(44 Ibs.) it burst at the second shot, owing to the wedging of the 
projectile in the barrel. The normal charge was 550 gr. (1 lbs.) 
of powder and a shell of 4 kilog. (8 4-5 Ibs.) 

In Prussia it was shown by firing with the regulation charges, 





and diminishing, at each fifty shots, the exterior diameter of the 
chamber, that the phosphor-bronze cannons changed their di- 
mensions, only when the thickness of the metal was below that 
of the dimension of a cannon of the same calibre made of steel. 

A large order has lately been given by the Prussian Navy 
Department to the phosphor-bronze works in Germany, for the 
casting of the turn-table machinery of its monitors. 

Phosphor-bronze is being used in the manufacture of rifles 
and revolvers with good results, and by repeated re-loading of 
cartridge-shells made thereof, it has been proved to resist a 
much greater number of discharges than any other material. 

The following are some of the applications of phosphor-bronze 
for industrial purposes :— 

Pinions and Tooth Wheels.—M. M. V. Gilliaux, at Charleroi ; 
Blondiaux at Thy-le-Chateau; Thorneycroft at Wolverhampton ; 
De Wendel at Hayange, among many others, have used pinions 
and tooth wheels made of phosphor-bronze in instances where 
the separate parts might run the risk of sudden and violent 
shocks, some of these pinions weighing nearly 14 tons. They 
have proved that such pinions never break, while it is found in 
long practice, that the teeth last double the time of those made 
of ordinary bronze. The alloy has for similar reasons been much 
employed for horological purposes and fine spur-wheels. 

Tuyeres.—An article appeared in the London “ Engineering 
some time since, speaking highly in praise of phosphor-bronze 
as a material for tuyeres. It proved that they last far longer 
than similar tuyeres of ordinary bronze, and that after a_year’s 
use they presented neither sign of fissure nor incrustation by 
scoria of the furnace. These tuyeres have been tried in England 
and France, and in Germany their use has become greatly ex- 
tended. 

Pump Cylinders.—The perfect soundness and great resistance 
of phosphor-bronze make it highly suitable for the construction 
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of barrels of pumps and hydraulic presses. Mr. Merryweather, 
of London, is using it in his steam fire engines, and Messrs. 
McKean and Co. have extensively employed it in the construction 
of their St. Gothard Tunnel machinery. 

Piston Packing.—The alloy has given excellent results for this 
purpose; its great elasticity and the small amount of friction of its 
surface give it much advantage over the ordinary steel packing. 
For bushings of connecting-rod eyes of the three-cylinder en- 
gines of Brotherhood and Hardingham, London, phosphor- 
bronze is found to be the only metal capable of sustaining this 
heavy work under high-pressure steam. 

Gunpowder Mill Machinery.—Extract from official pamphlet 
on Gunpowder Storage, published by order of the British Home 
Secretary :— 

“There is a metal known as phosphor-bronze which may be 
usefully employed in connection with powder magazines. It 
possesses a strength little inferior to that of iron, without any 
liability to give forth sparks. For the keys, implements, and 
fittings it may be usefully employed.” 

Heavy Shafting and Propeller Screws.—The rigidity of phos- 
phor-bronze, as shown by the foregoing tests, in combination 
with its great strength, makes it a very valuable material for 
these uses : it is much in demand likewise for ships’ bolts and 
piston rods. 

Wire Cables and Ropes.—Phosphor-bronze having the advan- 
tage of not becoming crystalline under the action of repeated 
shocks, it is eminently fitted for making wire-rope, for submarine 
cables, inland wires, &c., and is unacted on by corrosive liquids, 
as found in mines, and by the atmosphere. 

It was desirable to ascertain its resistance to the chemical 
action of dilute sulphuric acid. For this purpose two similar 
sheets of copper and of phosphor-bronze were immersed in acid 
water of 10° Beaume strength, and at the temperature of the 
surrounding atmosphere; after three months it was found that 
the copper had lost 4°15 per cent. and the phosphor-bronze only 
2°3 per cent. 

Sheathing.—The alloy is readily rolled, and stands the action 
of sea-water much better than copper. In a comparative ex- 
periment made at Blankenberghe, lasting over a period of six 
months, between the best English copper and phosphor-bronze, 
the following results were arrived at :— 

The loss in weight due to the oxidizing action of the sea-water 
averaged for the copper 3'058 per cent., while that of the phos- 
phor-bronze was but 1°158 per cent. 

Bearings.—This most important application of phosphor- 
bronze has received particular attention in the United States, 
and most excellent results have been obtained. Anyone using 
machinery will readily understand why a material which wears 
from two to five times better than best gun-metal, which is very 
much less liable to heat than gun-metal, and which, when heated, 
does not cut the journal, has received such general approval, not 
only by the mills in which it has been in long service, but by 
some of our large railroad corporations who have adopted it 
exclusively for locomotive and car brasses. 

We can but say in conclusion that a metal possessing qualities 
especially fitting it for such varied applications, will not fail to 
make its mark in all our great industries, and its price being but 
little over that of gun-metal, it will not only replace that alloy, 
but prove a most powerful competitor to iron and steel, wherever 
toughness, rigidity, elastic resistance, and non-liability to crys- 
tallization or corrosion are the qualities sought for. 


THE ECONOMY OF THE BLAST FURNACE. 


By PROF. FRED. PRIME, JR.' 


O an association like the one before which I read 
this paper, few questions can be more important 
and constantly recurring than the following, viz. : 
“what economy can be effected in the manufac- 
ture of American iron?” And it is the one with 
which I purpose to deal in this paper, premising, 

however, that my object is merely to indicate the directon in 

which an answer should be sought for, rather than to give it 
myself. This subject may be divided into two parts, “ Econo- 
my in the production of pig-iron,” and “ Economy in the manu- 
facture of wrought iron ;” but it is to the former alone that I shall 
confine myself this evening. 

Of late years the improvements inaugurated in the Cleveland 
district have excited the wonder and admiration of the iron 
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world. Instead of 30, 40, and 50 ft. furnaces, the iron-masters 
of this district have taught us to build them of 70 and 80 ft., 
which last height is, I believe, the greatest yet reached in the 
United States. 

The first object of the furnace manager is, ceteris paribus, to 
obtain the greatest amount of metal with the least consumption 
of fuel. So long as gases are escaping from the furnace-throat 
of such a nature and temperature as to be capable of reducing 
the ore being treated, we know that heat, or in other words, fuel 
is lost. The first point to be settled is, at what temperature 
each ore commences to be reduced. 

Bell has shown that in the Cleveland ore this process begins 
at 424° F., while he holds that, in general, sesquioxide of iron 
is deoxidized at all temperatures between 302° F. and a 
bright red heat, but that it is never absolutely complete. And 
he shows that the reduction of ores containing sesquioxide of 
iron is dependent not on their chemical composition, but on their 
molecular condition, and the rapidity of the current of gases 
passing over them, and the deoxidation and carbon deposition 
are ata maximum at about the temperature of melting zinc, 
783° F. Now, to ascertain at what temperature the various 
magnetites, hematites and limonites of this country commence 
to be reduced it would be necessary to make a series of experi- 
ments on the subject with native ores, in the performance of 
which no very great expense would be incurred. This having 
been done, the next step should be to ascertain the temperature 
and composition of the escaping gases, in order to see whether 
all the work that was practicable had been performed by them 
in the way of deoxidizing the ores. This, of course, would vary 
very much with the different coals and varieties of each. Should 
it be found, for example, that the gases when escaping at the 
furnace-throat were still capable of deoxidizing the ore, then the 
inference would justly be that the furnace was not high enough, 
and that fuel was being lost, and it would be a commercial 
question, as I. Lowthian Bell states it, whether the additional 
expense of enlarging the furnaces would be sufficiently paid for 
by an improvement of the operation or an increase of work 
effected. Where anthracite is used in the blast-furnace, there 
need be comparatively but little apprehension of the burden 
crushing the coal, except by the decrepitation of the latter, and 
I would call the attention of those persons present who direct 
such furnaces to the question, whether they have ever instituted 
comparisons in regard to the economy of anthracite furnaces 
when both the pressure and amount of blast are increased? An- 
thracite, although equal to coke as a fuel in the amount of car- 
bon, requires a much greater pressure of blast for its perfect 
combustion, which should be equally distributed through a large 
number of tuyeres, and I would suggest that iron-masters should 
endeavour to ascertain the fact, whether with such a dense fuel, 
considerable economy might not be attained by increasing the 
height rather than the diameter of such furnaces. We have in 
this country many open birning coals, which either do not coke 
at all, or else afford a very tender coke in ordinary ovens. In 
Great Britain the Ferrie self-coking blast-furnace has been in- 
troduced for the purpose of coking the fuel in the furnaces, and 
at the same time relieving the coke of a portion of its burden. 

In order to do this a furnace eighty-three feet high is divided, 
for a distance of twenty feet below the space required for the 
cup and cone, into four compartments, by vertical walls sup- 
ported on arches and radiating fromthecentre. Both these and 
the circumferential walls are pierced with flues, so that a portion 
of the gases taken from the top can be led down to the level of 
the bottom of the compartments and—receiving a supply of air 
through gratings in the external wall of the furnace—be ignited 
and consumed in the flues traversing the partition walls and 
surrounding the compartments, the draft through these flues 
being assisted by chimney-stacks at the top of the furnace. 
Time does not permit me to give any further details, for which 
I must refer you to “ Engineering” of June 16th, 1871, and 
Volume I. of “ Journal of Iron and Steel Institute.” Suffice it 
to say, that in Lanarkshire district, the extraordinary result was 
obtained of saving a ton of coal to the ton of iron made, and 
also about 21 cwt. of ore. I. Lowthian Bell, who at first attributed 
the entire saving to the increased height of the furnace, subse- 
quently changed his opinion and acknowledged that a portion 
of it was due to the combustion of the gases in the chambers. 

Another point to which I wish to direct your attention is the 
manner of taking off the blast-furnace gases from the top of the 
furnace. It is a well-known fact that the gases have a tendency 
to escape up the sides of the furnace, leaving in the centre, a 
column of ore, fuel, and limestone untouched. The common 
method practised in this country, where the furnaces are close- 
topped, of taking off the waste gases at the throat from the 
sides of the furnaces, tends to increase this difficulty by creating 
a draught in the direction of the sides. Consequently if the 
gases are taken off from the centre of the furnace above the 
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charging hole, the tendency is more or less counteracted. There 
can, however, be no doubt that taking off the waste gases from the 
centre of furnaces tends to prevent the latter from scaffolding, 
and also to economize fuel. Lurman’s patent cinder-tap is pro- 
bably so well known to you all that mention of it here would be 
superfluous, although experiments at various iron-works have 
been made with very contradictory results. 

Another point, which I cannot too urgently set before you, is 
the very insufficient attention paid in this country to the proper 
comminution of ores. When small and large pieces of ores are 
thrown indiscriminately into the top of a furnace, it must 
necessarily work very irregularly, owing to the fact that the 
smaller portions are reduced and carbonized before the interior 
of thelarger ones has begun to be reduced. The consequence 
of this is very irregular yield in the different qualities of iron. 
This would to a great extent be ameliorated, if not entirely pre- 
vented, by bringing the ore to a nearly equal state of division by 
passing it through some ore-crusher or breaking it with hammers. 
As regards the calcining of ores, but very little has been done 
in the United States. It is true that in some places black band 
is calcined in open heaps, in order to increase the percentage of 
iron, while in others, as at Johnstown, coal-slack is intermingled 
with the impure carbonate of iron on a hillside, and the mass of 
ore roasted. But the important advantage of rendering the 
magnetites and red hematites of this country porous, and con- 
sequently more easily reduced in the blast-furnace by calcining 
them in kilns, has, I believe, only been tried at Ringwood, N. J., 
with what results I do not know ; but it is claimed for the West- 
man furnace, which is the kind built there, and is heated by a 
portion of the blast-furnace gases, that it renders ores porous, 
however dense they may be. Of course when the ores contain 
water a great advantage is gained in thus removing it before it 
passes into the blast-furnace, where heat is rendered latent by 
its conversion into steam, causing a decrease of temperature in 
the upper portion of the furnace, or necessitating the use of 
more fuel. In many furnaces it would be possible to utilize a 
portion of the gases now lost in roasting the ores. Of course it 
is a purely commercial question whether the roasting of the ores 
would pay, but I am convinced that in many localities it could 
be profitably done, especially by using coal-slack for this pur- 
pose. Experiments in this direction will undoubtedly be made 
before long, and if coal-slack cannot be directly used, as in 
the case of anthracite, some method will be devised for convert- 
ing it into carbonic oxide outside of the calcining-kiln, and, if 
necessary, a certain proportion of lump coal may be added to 
the ore in the interior of the kiln. By running the calcined ore, 
while still hot, to the top of the furnace and passing it into the 
furnace, the decrease in temperature which always takes place 
when a fresh charge of cold ore and flux is added, would in a 
great measure be obviated. 

Another point to which I wish to allude is the proper con- 
struction of hot-blast stoves. Mr. Bell believes that a very high 
temperature of blast is not requisite, and that when a tempera- 
ture of goo° to 10,000° F. has been attained the maximum has 
been reached. But Durham coke and Cleveland ore are 
different from anthracite coal and magnetite or hematite, 
and it seems to me that we have no right to assume @ 
priort that the conditions which are to be the best in 
the Cleveland district will also be the most suitable for the 
fuels and ores of the United States. I believe that by increasing 
the temperature of the blast considerably above that actually 
attained in this country, we shall effect a very palpable saving in 
the amount of fuel now necessary to produce a ton of pig metal, 
the temperature to which the blast may be heated being neces- 
sarily limited by the power of resistance offered by the iron pipes. 
The very common practice here, of permitting the hot gases to 
rise up vertically between the limbs of the U-shaped pipes, is a 
very imperfect method of heating the blast, the gases escaping 
so rapidly as to be capable of but very imperfectly communi- 
cating their heat to the iron pipes, and consequently to the blast. 
Leaving out of the question the application of the regenerative 
system as too expensive for us to experiment upon, until the 
English iron-masters are able to give us some satisfactory 
answer, let us look at our présent pipes, and instead of conduct- 
ing the hot gases vertically, cause them to pass in a horizontal 
direction, and we shall find that considerable economy will in 
all probability be attained ; the blast will be heated to a higher 
degree, and consequently less fuel will be consumed. Should 
the hot products of combustion be found to still contain useful 
heat after passing once laterally through the hot-blast ovens, 
they might be made to return in the direction whence they came 
through another oven, or to be passed under the boilers. A 
considerable economy in fuel may be effected by simply arrang- 
ing the blast-pipes in such a manner that the circles of fusion 
created by each shall be merely tangential and not intersecting. 
This may be ascertained by inserting an iron rod through each 





blast-pipe in succession for a minute, and when that portion of 
it situated in the circle of fusion is red-hot the alteration then 
necessary in the position of the tuyeres is easily accomplished 
by calculating the space occupied by each circle. The last point 
to which I wish to allude this evening is the importance of con- 
solidation. Those of you who are acquainted with the British 
iron trade are probably aware of the enormous capital employed 
and the large number of furnaces owned by separate companies— 
eight being a very common number, and less than four a rarity, 
This is one of the means by which they can afford to undersell 
the American iron-masters when we have no tariff. Another 
advantage they possess is in the consolidation of their works, 
which enables them to dispense with a large number of officials 
otherwise necessary. 

My aim in this paper has been merely to indicate what might 
be done as regards economy in the manufacture of iron, al- 
though some of the ideas appear to be impracticable at present ; 
but before entering upon any experiments, the first and principal 
question to be asked and satisfactorily answered is: Will the 
alteration of the furnaces, and other expenses therein involved, 
pay in the end ? 


THE ALLEN GOVERNOR AND THROTTLE VALVE. 


—74\MONG governors designed to regulate the speed 

2 of the steam engine, an ingenious American in- 
vention, already largely in use in Great Britain, 
called the “ Allen Governor and Throttle Valve,” 
is worthy of favourable mention. It is the device 
- of a Mr. Huntoon, of Boston, U.S., and takes its 

name from the American proprietor. 

The ordinary Watt governor is useful when the variations of 

speed are not great, but where the load upon the engine varies 

considerably and suddenly, as in rolling mills, it is difficult with 
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the ordinary governor to keep up the speed of the engine with- 
out “handling” the throttle valve while rolling the iron, and 
when the load is removed the fly-wheel will over-run the driving 
shaft, to the injury of the gearing. The throttle valve can only 
be closed or partially closed by the balls revolving more rapidly, 
and flying farther apart, and this can only be effected by increas- 
ing the speed of the engine. ; 
The Allen governor and throttle valve claims to remove this 
difficulty. It consists (figs. 2 and 3) of a paddle wheel ¢g,revolving 
within a cylinder A, about two-thirds filled with oil. The cylinder 
revolves loosely upon the spindle 4 of the governor. The oil is 
prevented from escaping by a stuffing-box joint. At either end 
within the cylinder are fixed a series of flanges equally distant 
from each other, and nearly touching the edges of the revolving 
paddles, and there are also flanges a a set in the internal cir- 
cumference of the cylinder, nearly touching the paddles as they 
turn. The paddle-wheel is driven by the engine at the speed of 
300 or 400 revolutions per minute. The oil set in motion by the 
paddles strikes against the projecting flanges, and causes the 
cylindrical drum to revolve in the same direction and in pro- 
portion to the velocity of the paddles. Resistance to the revolu- 
tion of the cylinder is made by adjusting a weight (fig. 2), or the 













































force of a spring (fig. 4), to exactly balance the tendency of the 
cylinder to turn when the engine is running at a moderate uniform 
rate of speed. An increase of speed of the engine causes an in- 
crease of centrifugal force of the oil impinging upon the flanges, 
and the cylinder turns, raising the weight in proportion to the 
velocity of the paddles, and theforce exerted bythem. The toothed 
sector m (fig. 1) is moved by the turning of the pinion fixed 
to the shaft over which the weight is suspended, and as it moves 
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closes the throttle valve in proportion to the ascent of the 
weight. So in like manner, if the engine slackens speed the 
weight descends and opens wider the throttle valve. 

To counteract the inertia produced by the sudden raising of 
the weight, it is made to act upon a spiral, which increases the 
leverage of the weight as it ascends, and the other end of the 
spiral diminishes the length of the lever as the weight descends. 
The form of the spiral is determined by the variations of work 
required of the engine. The uniform work of a cotton mill, for 
example, requires less departure from the circular form in the 





adjustment of this spiral than the suddenly changing work of 
an iron rolling mill. By removing a weight from the governor, 
the speed of the engine is decreased, and, of course, by adding 
a weight the speed is increased. The usual weight is from six 
to twelve pounds, according to the size of the governor. There 
is very slight leakage of oil from the packing box, and this is 
caught in a cup underneath the spindle, and drawn off ac- 
casionally. The oil generally needs replenishing only once in 
nine or ten months. The sensitive action of this governor is 
preserved by reducing the friction toa minimum. The bear- 
ings work in oil, and the spindle requires to be only } of an 
inch in diameter for a 500 horse-power rolling mill engine. 
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The friction is made uniform by a packing composed of a series 
of separate rings of canvas steeped in tallow and covered with 
paper. This governor can be driven either by gearing or by a 
belt, and a simple self-acting safety gear is attached in case 
a belt is used, so that if the driving belt breaks or slips off, the 
valve will close at once and stop the engine. 

In the governor for marine engines (ie. 4) a spring is used in- 
stead of a weight, because the rolling of the ship would render 
the use of a weight impossible in rough weather at sea. Where 
the spring is used the resistance to the action of the paddles in 





| the drum increases as they turn more rapidly, so as to open 


the valve as soon as possible when speed falls, because the 
spring as it becomes tighter presents a greater resistance. 

The throttle valve, for which there is a separate patent, is a 
modification of the double-beat cylindrical valve, and greatly 
superior to the common butterfly valve. This valve is as nearly 
as possible steam tight, and it is in equilibrium except the 
difference in pressure upon the top and bottom caused by the 
passage of steam through the valve. The valve can be smaller 
than with the ordinary governor, as its action is much more 
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sensitive and delicate, and the speed of an engine is better re- 
gulated by it than by a man stationed at the throttle valve. 
The representation of the valve is given in fig. 5, and may 
be thus described. An arm g carrying an antifriction 
wheel 7 projects from that part of the shaft o within the 
induct E of the valve case, and enters a slot in the bridge 
S over the tube which connects the two valves 4, w. The 
valves are arranged with openings v v made in the opposite 
sides of the tubular induct E within the case C, the induct being 
closed at its innerend. An educt F leads out of the lower part 
of the case C. The Allen governor, when attached to old 
engines, greatly increases their power or effects a direct saving 
of fuel, and in many cases both these ends are accomplished by 
its use. It is very simple in its action, and rarely gets out of order. 
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THE PEELING OF CARRIAGE PAINT. 
Ss HE greatest annoyances which at some time or 
A 3272] other generally fall to the lot of the carriage manu- 
ye [ens facturer, are those in connection with the painting 
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department, and these also prove the most expen- 
sive and difficult to rectify. The defects in this 
branch exhibit themselves most glaringly, and 
greatly annoy that mighty despot, the coachman, under whose 
notice they most immediately come. Any remissness upon the 
part of the workmanship or material of the other branches is 
not so obtrusive; and should a shaft, spring, or wheel fail, or 
even an upset occur, the damage may soon be put to rights ; 
but if the painting cracks, or peels off, the appearance of the 
whole machine is marred, and little short of a thorough re- 
painting will put it to rights again. Happily, cases of great 
magnitude are rare, but the chipping away of paint here and 
there is a matter of nearly everyday occurrence, and takes 
place oftener in good jobs which carry great quantities of paint, 
than in inferior where the painting is done sparingly. The 
mischief is not confined to the production of unsightly appear- 
ances only, but through the cracks water readily finds its way to 
the underlying material, which it speedily destroys. This defect 
has been attributed to various causes, as impurities in linseed 
oil, water in some of its forms, the adulteration of white-lead 
with barytes, zinc, lime, &c., all of which may somewhat tend 
to impair the durability of paint ; but sometimes paint will be 
found to chip off even with materials from the best manufacturers, 
so in nine cases out of ten the cause must be sought for in 
another quarter, and will most likely be found nearer home. 
The principal parts from which it comes off are the wheels and 
running parts ; the body not being so liable may be accounted 
for by its material being more open and porous, and the con- 
cussions the carriage meets with being greatly softened down 
by the springs before they reach the body. 

In America, this defect seems common, as it is freely dis- 
cussed in their trade journals, and in many carriages imported 
thence it may be noticed. The ’cute Yankee mind, always 
keeping a sharp eye on the shady transactions of a neighbour, 
mostly attributes it to the adulteration of lead. The native 
barium sulphate, or barytes, by its colour and weight is some- 
times used in lead adulteration, and may somewhat spoil it, but 
paint will often peel off even if commercially pure lead be used. 
From observations made in a number of cases a much simpler 
conclusion has been arrived at, showing that the remedy rests 
in the hands of the builder himself. The fact that the various 
coats never leave each other, but invariably come away in one 
mass, shows that they have a firmer hold of each other indi- 
vidually than they have of the wood collectively, and the infer- 
ence to be drawn is, that the proper serrated surface left by the 
file has been destroyed by the too industrious application of 
sand-paper, in the mistaken attempt to improve a good job. 
If two surfaces of the same piece of oak or ash be examined by 
a microscope of moderate power, the one as leit by the file, and 
the other filed and finely sand-papered, a wide difference will 
be seen between them ; the former shows numerous angular 
projections upon which the paint seizes, and which absorb the 
oil so necessary to its durability before it can penetrate far into 
the pores of the wood ; in the other the projections are dull and 
rounded, offering small hold for the paint : the use of the tooth- 
ing plane by the cabinet maker to make glueing surfaces adhere, 
is a corresponding instance of the foregoing. Another proof 
may be adduced, inasmuch as in varnished work, where no lead 
is used, the varnish will fly off in a similar manner. For the 
production of a good appearance, the removal of all file marks 
is necessary, and if the work be too highly sand-papered the 
varnish will chip off the same as paint. Take a case in point 
as an illustration: an apprentice gets a job to do—say a pair 
of lance-wood shafts to put in—he finds them perhaps a good 
pair, and wishes to make a first-class job ; after the dressing up 
and filing, of course sand-paper comes, and he scrubs and scrubs 
until they are as srnooth as glass, and after they are finished will 
hold the paint about as well. In due course the paint hardens 
and loses its elasticity, then by the springing of the shaft the 
paint flies off piece by piece, and to make a job again they 
must be all filed and repainted. Some builders, upon these 
grounds, prefer their work to be painted almost without being 
sand-papered, and if the file be used properly, sand-paper need 
only be a secondary consideration. 

From the foregoing remarks t need not be inferred that the 
disuse of sand-paper altogether is advocated, but the intention 
is to deprecate its inordinate use, especially upon work intended 
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to be first-class, as the quantity of paint laid on to such makes 
it all the more readily chip away ; care should therefore be taken 
to have a proper surface for the first coat, which, like the founda- 
tion of a building, bears the responsibility of the whole super- 
structure ; as unless the first coat—no matter what the material 
—be founded upon a surface which it can grasp firmly, 
r= labour of the painter will be in vain—Carriage Builder's 
azette, 


ECONOMIC USE OF FISH SCALES. 





VEN the scales of fishes are beginning now to be 

extensively used for various purposes. At the 
seats of the pilchard, herring, and other large 
fisheries, the scales and the refuse salt have been 
sought after by farmers as a fertiliser for their 
soils. Some few years ago some of the large finer 
scales of fish were brought into use for making fancy ornaments 
and decorations for ladies, as brooches, hair-pins, and imitation 
flowers, &c.: and the stall of Mr. Mahmood at the Crystal 
Palace may be remembered. But this novelty had but a short- 
lived existence, and has passed away. A vase with bunches of 
flowers made of the golden scales of the kingfish, those of the 
callipeva, and the larger scales of the pirarucu (Vastris Cuverii) 
of Brazil, was shown at the Paris Exhibition in 1867, made at 
St. Catherine, Brazil. Of late years, however, fish-scales have 
come to be sought after as a source of isinglass. Ina chemical 
report on the recent Bombay Local Exhibition, by Mr. W. H. 
Harris, F.C.S., he notices among other objects sent from Aden, 
fish-scales. “This sample,” he remarks, “commands considerable 
interest, consisting as they do almost entirely of soluble and 
gelatinous matter. I have not been able to ascertain for what 
purpose they are principally used—most probably as an article 
of food. They are considerably thicker than an ordinary fish- 
scale and much longer.” At Astracan a good fish-glue is made 
from the scales of fish. The bright, silvery scales of the small 
bleak (Zeuciscus alburnits) and the dace (Cyprinus leuciscus) 
have a commercial value for making artificial pearls. It is 
rarely that the bleak is more than six inches in length. The 
scales are slender, and but slightly adherent, silvery on the belly, 
and on the back of a dark, greenish blue. They are caught 
solely for obtaining the substance which has been ridiculously 
named “ Essence d’Orient,” and which is an indispensable in- 
gredient in the manufacture of artificial pearls. The nacreous 
matter which surrounds the base of the scales is all that is useful 
in the fish. This liquor is also found in the chest and belly ; 
the stomach and intestines are therefore kept. To preserve 
them from putrefaction, they are placed in ammoniacal liquid: 
notwithstanding which precaution, in sultry weather, it becomes 
black and infectious, after having acquired its phosphorescence. 
The fishery is prosecuted throughout the year, by means of line 
and hook, but it is chiefly in the spring, when it is cool, that it 
is most attended to, and largely in the Seine. The fish is very 
prolific. To procure the “ Essence d’Orient,” the fish are scaled 
with a sharp knife over a bucket or tub of pure water. The 
first water is poured off, as it is usually fouled with the blood 
and mucous matter from the body of the fish. The scales are 
then washed in more water, ina sieve held over the bucket. 
This essence or solution passes through, and is deposited at the 
bottom, from whence it is ultimately collected. The scales are 
rubbed a second or third time, to obtain all the nacreous or 
silvery deposit.—Fournal of Applied Science. 











BREEZE COKE, 





NEW industry has sprung up in our city in the 
last year or two that gives employment to quite a 
number of men, and, at the same time, utilises 
one of the waste products of our mills, which here- 
tofore has been thrown away as useless. The 
technical name of the article is “ Breeze Coke.” 
The ashes from the furnace ash-pits are hauled into one place, 
and the first thing to do is to separate the larger particles of 
coke from the finer ashes by the use of a rake. They are 
then placed in a large tank of water, and all the coke that is fit 
for use floats on its surface, while the heavy ashes and cinder 
fall to the bottom. The breeze coke is then taken off the surface, 
and any light cinder that did not sink, taken out by hand, when 
the coke is ready for market. It is used principally by black- 
smiths, and is the best article known for a forge fire. _ Messrs. 
Lewis, Oliver, and Phillips use 125 bushels a day for their forges, 
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for which they pay five cents per bushel, having furnished the 
ashes for them free, and allowing the breeze washers to sell all 
that they do not use for their own profit. Mr. Rodgers, of the 
firm of Rodgers and Day, informed us that the company shipped 
a car load a week into the state of Ohio, besides furnishing many 
of our local shops with them, while other firms have shipped 
three car loads a week. As most of the shops are at present 
doing but little, the breeze coke business, of course, is not so 
brisk, yet the three firms that are operating in the city find ready 
sales for all they can make. Mr. Schultz, the Carson Street 
bridge builder, uses a large amount of the coke for his forge 
fires. The price ranges from 6 to 6} cents per bushel.— South 
\Side (Pittsburgh) Ledger. 
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SELF-ACTING FEED FOR THRESHING MACHINES. 





NE of ‘the most dangerous operations in con- 
nection with the working of agricultural machines 
is the feeding of sheaves into the drum of a 
threshing machine. A heavy circular cage of stiff 
iron bars or beaters, some 30 inches diameter 
is set close up to the bars of a semi-circular con. 

cave cage, made also of bars of iron ; the space between being 
often less than a quarter of an inch, and then the circular cage 
is caused to rotate about 1,000 revolutions per minute. Then 
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RUSTON AND PROCTORS’ SELF-ACTING FEED. 


the unbound sheaves are thrown against this and torn through 
so violently, that grains of corn are projected with such force 
that planks of hard wood, used as shields, are speedily so cut 
that one would fancy an army of rats had been gnawing the 
surface. What, then, must be the fate of the hapless person 
whose arm or ancle is caught inthe drum. Any unduly large 
sheaf or bundle of sheaves, too, are often likely to be drawn 
into this maelstrom, and either the concave is burst asunder, 
the metal bars flying around like fragments of a shell, or else 
motion is suddenly arrested with a jerk, shaking the whole 
machine in every fitting. In view of these dangers, sundry 








schemes in the shape of drum guards and machine feeders have 
been devised. We illustrate on another page a self-acting feeder 
of Messrs. Ruston and Proctors, of Lincoln. The views show 
the thing in elevation and plan. It consists of a chamber or 
casing at the top of the machine immediately above the drum, 
and containing a number of spindles working across the 
machine. These spindles are provided with tines or teeth 
curved backwards from the direction of rotation, and their 
points pass within a few inches of a board or floor at the bottom 
of the chamber or casing. At one end of the chamber is a 
hopper, into which the sheaves to be threshed are placed, the 
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bands being cut previously ; they are immediately received by 
the teeth or tines of the first set of rollers, which push them on 
to the next, and that to the next successively, until arrived at 
the end of the board or floor at the bottom of the chamber, 
where they are deflected by a curved board lined with sheet- 
iron into the concave and drum, where the latter draws them in, 
and they are threshed in the usual way, the straw being carried 
away by the shakers. Just above the aperture to the concave 
and at the end of the board at the bottom of the chamber, are 
a series of straight teeth in bars, set in such a manner that the 
teeth of the last spindle pass between them, thereby preventing 
any of the corn from being returned over the spindles back 
again to the hopper. 


ON THE ART OF COLOURING MECHANICAL AND 
ARCHITECTURAL DRAWINGS, 
i, 


NGINEERING is a profession whose history has 

yet to be written ; its very title is vague ; it cannot 
be said to be a calling dealing with the entire art 
of construction, because architecture is essentially 
held as a perfectly distinct art, though a civil 
engineer must of necessity understand something 
of it. One portion of study, however, is common alike to the 
two branches—civil and mechanical engineering—as well as to 
architecture, viz. drawing. The history of drawing as applied to 
construction would form an interesting volume, and to be at all 
complete must go back a long way ; back perhaps to the time 
of Noah, when he built the ark, and that of Tubal-Cain, the first 
recorded worker in metals. All who study the Old Testament 
will remember the passage —“ He marketh it out with the rule, 
and measureth it with a compass.” At the building of Solomon’s 
Temple all the stones were brought ready hewn and shaped to 
fit their places ; this would imply that some means of scheming 
and planning out in drawings the various parts in advance was 
known and practised then; the question of necessity then 
presents itself—What substitute for paper was used? was it 
papyrus? A history of all this would be wanted if that of engi- 
neering and architecture was to be perfect. 

Coming down to drawing in the present day, and taking that 
more ornamental or artistic part of it, which is comprised in 
colouring, it is almost to be regretted that, so far at least as 
machinery is concerned, photography has nearly entirely super- 
seded coloured drawings ; regrettable because, however scien- 
tific mechanical engineering may be, mere science alone will 
not make a tasteful engineer. A mechanic who has some 
art knowledge will, ceteris paribus, be a better and larger- 
minded engineer than one who has not. It may be taken asa 
rule that the most shapely machine is also the best ; symmetry 
of outline, and beauty of arrangement will be generally found 
allied with good science, and it is to be feared that now that 
there is no longer a necessity in the drawing offices of mechani- 
cal engineers for designers to possess any knowledge of the 
art of making finished coloured drawings, the standard of true 
taste will be lowered. The same danger does not exist with 
architects, because theirs is more essentially work regulated by 
the principle of selection ; a public building is to be erected ; 
well, when all the plans are done, a handsome coloured elevation 
is made by each of the different competing architects, and be- 
sides the question of the cost, the relative beauty of one design 
with another is considered, and a selection made. 

While on the one hand students of mechanical engineering 
have seldom any monetary interest in studying the art of colour- 
ing beyond the mere ability of washing in a flat tint on a working 
drawing ; yet, on the other hand, the power of making a handsome 
picture of any piece of machinery supplies to the possessor an ever 
ready source of pleasure and amusement. During long winter 
evenings the working at such an occupation makes an agreeable 
pastime, and unlike many other pastimes, leaves its mark be- 
hind. To those who have a taste for the thing, the following 
hints on the preparation of such pictures, it is hoped by the 
author, may prove both intelligible and useful, and he premises 
that as different artists have respectively certain little “ dodges” 
oftheir own for securing particular effects, the present paper 
may perhaps be deemed incomplete by this or that expert, be- 
cause his special “dodge” is not touched upon, but the writer 
only puts forth the hints contained in this p>per as the result of 
the training he himself received at a South Kensington Science 
and Art School, supplemented by his own experience acquired 
during several years of professional practice. 

Where the drawing is to be made solely for amusement, the first 

















point is the selection of a subject, and this is an important one, 
much of the success of the picture depending on it, not merely 
from the intrinsic beauty or interest of the subject itself, but from 
the relative amount of difficulty that will attend the manipulation 
and arrangement of the colours and tints on it. Thus, for 
example, any subject containing some round part of considerable 
size is to be avoided because of the exceeding difficulty attending 
the shading of it to a uniform tint; the same may be said of 
large flat surfaces ; the difficulty of securing a uniform tint is not 
so great with flat tints, of course, but then the general effect of 
the picture is spoilt by this one feature, which, like Aaron’s 
rod, swallows up all the rest. The remarks contained in 
this paper as arule apply equally to architectural subjects as 
to mechanical, but the latter will be chiefly dwelt upon. The 
plan and cross sections of a locomotive engine form nice sub- 
jects, that is, the plan of the machinery, the boiler being removed 
all save the section of the fire-box. ‘The side section complete 
is also a good one; but the elevation is not so, owing to the 
great difficulty of properly shading the barrel of the boiler by 
reason of its size; the section of the boiler being nearly filled 
with tubes, and water, and the steam pipe, no difficulty 
is to be anticipated of this kind with it. Subjects having wood 
in them are to be chosen above all others, if suitable in 
other respects, as wood colours beautifully, and round wooden 
surfaces. are of all others most easily shaded, because the grain- 
ing of the wood softens and smoothes the shading most wonder- 
fully. Wheels, toothed ones especially, form striking features, 
and if the edges of the latter are shown, the lines of the teeth 
have the same softening effect on the shading as has the wood 
graining above referred to. Any subject containing one feature 
sticking off long and thin away to itself is bad, it takes up the 
best of the paper, and dwarfs the real picture, which is the 
machine itself. A crane to some extent comes within such a 
category. 

It would be evidently impossible within the scope of a paper 
like the present to treat exhaustively the question of selection of 
subject, and therefore the author, trusting he has said enough to 
indicate the principles regulating this point, proceeds to the next, 
which is the paper to be used. Common opinion favours What- 
man’s hand-made paper, and for hard work there is no paper 
like it, mistakes, even in ink on it, can be rectified by skilled 
hands ; but on the other hand it is not the best for shading, at 
least in the author’s opinion ; the colours look harder, and “stare” 
more than on the softer spongier machine-made papers ; while 
as regards ink-lines, the latter are decidedly the best, if the faces 
have not been damaged by india-rubber. Hot-pressed Whatman 
paper, with the glaze of the rollers unaffected by damping for 
straining will take ink well, it is true, but when the drawing is 
cleaned down, the lines will be found to have been rubbed off in 
numerous places, owing to the ink only being on the surface, and 
not at all in the substance of the paper, an advantage certainly if 
a mistake has been made, and the lines have to be erased, but a 
serious defect in a finished drawing. Machine-made paper, from 
its soft texture, lets the ink sink well in, and such paper may be 
cleaned down without injury to the lines, simply because nothing 
short of some chemical, which will discharge the colour of the ink, 
will ever remove it ; otherwise an ink line on such paper is like 
the laws of the Medes and Persians—unalterable. A picture meant 
for framing or portfolio, however, must have no lines of ink, and 
strictly speaking, no pencil lines even, to be rubbed, because any 
local rubbing spoils the uniformity of the paper surface, and this 
injures the tints of colour afterwards laid on ; to rub the paper all 
over a little, after straining, is a good plan, but it makes the paper 
liable to soil more easily. As regards flat tints, the machine and 
the hand-made paper, after it has been wetted to take the glazed 
face off, if hot-pressed, are about equal; and for shading the 
colours certainly follow the softener, and are rather more amenable 
to it on the hard surface of the hand-made paper ; but then when 
properly worked and managed, on the spongy machine stuff, the 
effect is decidedly softer. : 

In buying a sheet of either paper, the purchaser should hold it 
aslant towards the light to detect any flaw or blemish in the face, 
which would utterly ruin the picture should it come, as by the 
contrariety of things is sure to be the case, within the part to be 
coloured. Paper and board being ready, the next thing is the 
straining of the former upon the latter; for this there are 
required some hot and strong glue, and a gum brush to lay it on ; 
a bowl of perfectly clean cold water, a large flat brush, such as is 
used for damping the leaves of a letter-copying book, and 4 
heavy straight-edge or long flat rule. The paper-being examine 
to see which is the working face, known in hand-made paper by 
examining the water-mark, and using the side on which it =~ 
be read correctly, and ascertained in machine-paper by taking 4 e€ 
smoothest face, the back being covered with minute ribs and 7 
pressions only noticeable by close inspection. The face must r 
turned towards the board, and the back of the paper well an 
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uniformly wetted all over by the flat brush ; being allowed a couple 
of minutes to soak, the sheet must be turned face up, set carefully 
square on the board in its proper place, and the face wetted even 
as was the back, it must then be left to soak for about ten 
minutes, being carefully watched to see that no patch is allowed 
to get dry, as will be the case unless watched; such patch must 
be damped again, but carefully, else a water-mark will be made, 


showing after the sheet is dry. The paper being now thoroughly 
soaked, it will lie on the board in great blisters and wrinkles, and 
the sides and ends may be successively drawn gently outwards so 
as to level the sheet a little, this makes it strain tighter. The 
straight-edge, which must be spotlessly clean, must now be carefully 
laid down flat on one margin, so as to leave about half-an-inch 
projecting beyond it, this must be turned up by a paper knife or 
the like, and a thin coating of the glue, as hot as possible, strong 
but fluid, brushed along the surface next the board, a pressure 
being maintained all the while on the straight-edge, so as to prevent 
the glue from getting beneath. The margin must then be rubbed 
well down to the board with the end of the paper-knife, which 
must be pressed hard down, and stroked to and fro, till not a 
crease is left ; this rubbing serves the double purpose of pressing 
the glued surface close to the board, and also of stretching it, 
which makes the sheet strain all the tighter. All the four sides 
being treated thus, the board must be left on a level table for at 
least an hour, so that a part of the moisture must either dry off 
or soak equally throughout the texture of the paper, then the 
board may be up-ended to a wall in a safe place, and left till 
next morning, when if the foregoing instructions have been 
properly carried out, the sheet will simply resemble a square 
patch of white painted on the board ; it must now be carefully 
covered all over with a sheet of paper, a yesterday’s newspaper 
does as well as any, a new one must not be used, as the printer’s 
ink is damp, and will leave irrevocable marks. 

The picture to be as perfect as possible should be copied; if 
any kind of designing has to be done, india-rubber will be the 
inevitable result, and this, as already stated, is forbidden. The 
pencil lines must be very lightly drawn though with a rather 
hard pencil very finely pointed ; the artist must bear in mind 
that a picture such as he proposes to himself is the result of a 
systematic chain of operations each simple in itself, some posi- 
tively trivial, but each and all demanding the closest attention, 
patience, and watchful care, a stroke, one single erroneous stroke 
of a brush will suffice to mar the work of weeks. The mere 
thing of drawing lines along a straight ruler with a pencil, or of 
washing in some water-colour with a brush is apparently simple 
enough, but it is the way in which each line is made to contri- 
bute its own little atom of beauty to the picture as a whole, 
which shows the artist’s skill and taste. The pencil-lines must 
be as fine as can be and never overrun the point of termination ; 
in common drawings, of course, the lines often do so, as time is 
important and guaging every line is a delay, but the artist’s 
motto must be that “time was made for slaves,” he has nothing 
to do with it. A great difficulty, especially in large towns, is to 
preserve the paper clean, and only extraordinary precautions 
will secure this; both squares and hands must be spotlessly 
clean, and whenever any discolouration appears on the paper 
the squares must be at once well washed with a stiff brush, soap, 
and plenty of clean cold water; an excellent thing to do is 
to cover the sheet all over with newspaper gummed at the 
edges and stuck down to the board, a hole is then to be cut in 
this cover just large enough for the view being drawn, the rest 
of the sheet is thus perfectly protected. 

The pencil-work being completed the next process is inking it 
in, and the ink must be of the very best quality and slowly and 
carefully ground till like thin cream ; pale ink looks very bad on 
adrawing. The lines ought not to be too fine, simply because 
the colour so overcomes them, that if fine the outlines of the 
picture are ill-defined ; shadow lines, as they are called, are not 
considered the “correct thing” by experts for coloured draw- 
ings, being only conventional things introduced in plain line- 
drawings to convey some idea of the fall of the light ; a drawing 
having all the lines farthest from the light made heavier than 
those near to it, is said to be “ shadow lined,” and such a draw- 
ing looks bolder and clearer than one having all the lines equal ; 
the introduction of such lines into a coloured picture is much a 
matter of taste, and in the author’s opinion is an advantage. No 
dotted lines must be made on the drawing, either of pencil or 
ink ; no pencil at all, and no ink till all colouring is complete, 
simply because the colour washing over them, if put in, smears 
them and spoils the tint. The maxim of the artist should be to 
get to the colouring as soon after the pencil as he can, and this 
means that no ink lines must be put in the way of the brush ; 
some men sponge or otherwise wet their sheet when all the ink- 
ing in is done, thus fixing the lines and removing superfluous ink ; 
the proceeding is very risky from various reasons, and had best 
not be attempted save by experts at it. 








The operation next in order is the body shading; there are 
two kinds of shading to be done,—shading “ proper,” such as 
makes a pipe appear round,—and the introduction of cast 
shadows, that is, the shadow cast by one body upon another ; 
for convenience the former may be simply called shading and 
the latter shadowing. The shading must be done first, and here 
the author must impress on his readers that the usual practice of 
casting the shadow and light on the cuts in scientific papers is 
wrong, and contrary to common sense ; the elevation and the 
plan of a given subjeet are considered by the man of science as 
a single object at rest, and viewed from two different points ; 
the artists, however, of the “cuts” referred to, regard elevation 
and plan not as such, but as two separate and distinct objects, 
and make the light fall alike on both. The very terms “ plan” 
and “ elevation ” of themselves indicate that both pictures are of 
a single object. To make the difference more clear, the author 
will suppose an ordinary dice or cube. See the little cut an- 
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Fig. I. Fig. 2. 


nexed, figs.1 and 2. Well, the rule taught at the Woolwich 
school and also at South Kensington is, that the light is sup- 
posed to fall over the artist’s left shoulder at an angle such as 
that made by the longest line possible to draw through a cube, 
its true diagonal in fact ; the angle of this line with the horizon is 
38° 16’, and in fig. 1 is shown the plan and elevation of a cube 
shaded in accordance with Woolwich rules. Fig. 2 shows the 
common practice of the newspapers. To understand the thing 
still better, the reader must bear in mind that the points of the 
arrows in fig. 1 are farther from his eye than the feathers; he 
must, in fact, regard them as coming in over his left shoulder 
and descending obliquely to the earth, and he will then see that 
the shading is done in fig. 1, on the assumption that a single ob- 
ject is viewed from two different points, which is not the case 
with fig. 2. 

Drawings may be, and indeed often are, merely shaded 
but not coloured at all, and they then occupy an intermediate 
position between mere skeleton line drawings and those which 
are both coloured and shaded; when well done they are very 
effective, but are rather sombre and heavy looking. In coloured 
and shaded drawings the colours may be put on first and then 
the shading, but the best plan is to shade first, as the subsequent 
tinting greatly helps to soften the shading and mellow it off. 
In respect of colouring, the tints for metals are, where it is pos- 
sible, made to resemble those of the respective metals they are 
intended to illustrate, while for the three materials of cast-iron, 
wrought-iron, and steel, which have no greatly perceptible dif- 
ference in appearance, conventional tints have to be resorted to ; 
the annexed table shows different materials and the colours 
used to denote them, but at the same time the latter are not to 
be taken as absolute, nearly every colourist who practises elabo- 
ration in his work has some recipe of his own, though of course 
in the main principles all men work alike. 


Cast-iron . ‘ 


. Paine’s greyand a little Indian-ink. 
» (another tint) 


Ordinary neutral tint. 

Prussian blue and Indian ink. 

Prussian blue (or cobalt). 

A purple made by mixing crimson 
lake and Prussian blue. 


” ” 
Wrought-iron .. 
Steel . Tela ° 


Gun metal . . +. Gamboge or yellow cadmium. 
Copper - «  « Indian red mixed with a little lake. 
Wood. . .  « Burnt umber. 
Brick (red) . ‘ . Indian red. 
» (yellow) .  . Indian yellow or cadmium, toned 
with white. 


Stone colour. . . Chinese white and Indian ink, 
toned with yellow. 
Broken, irregular straight lines, 


with liquid copperas. 


Water . ° ° . 
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The above comprises most of the materials used either by 
engineers or architects; glass, slate, concrete, and the strata 
passed through in sinking wells and foundations are coloured 
in a conventional fashion as near as may be to natural tints ; 
window glass, having no tint, is dabbed with faint blue, as 
reflecting perhaps a fine summer-day sky. A mere knowledge, 
however, of how to mix tints suitable for different materials will 
not make an artist, any,more than plenty of money will enable 
a man or woman to dress with taste, and the object of the 
author of these articles is to help students to an idea of the 
principles by which they should be guided in the use of the 
different tints already enumerated. The artist who takes a 
flower and copies it, while requiring peculiar taste and feeling, 
has at all events this advantage over the artist pourtraying a 
piece of machinery or the buttress of a building, that he or she 
has a complete copy to work to, whereas the other has no copy ; 
he must work, so far as tints are concerned—and for that matter, 
so far as shadows are concerned also—to a great extent from 
imagination, and the success of his picture is proportionate to 
the amount of this quality he possesses and the taste with which 
he can embody or rather portray it on paper. The landscape 
artist, too, has a better chance in dealing with water colours, 
because he can work on what may be called the “ dab” prin- 
ciple, seldom having flats to do, except skies, and these are 
rarely interrupted, so all is plain sailing ; but the colourist of a 
piece of machinery has often a bed-plate to colour, whose sur- 
face is intersected and broken up all over with sundry detail 
parts, and yet the tint for such parts as show must be perfectly 
flat and uniform, and the difficulty of securing this can only be 
appreciated by those who have tried to keep the “ wet line” 
in perhaps four places at once, and work round a dozen corners, 
and go into as many little recesses. 

As to the selection of colours, the artist has only to go to a 
first-rate London artists’ colourman’s and buy what he wants ; 
each colour should be purchased separately, then the very best 
is secured and colours quite useless not paid for. Great care 
must be taken with respect to brushes; red sables are best for 
the sort of work now treated of, though for simple flat tints good 
camel’s hair answers well but is not stiff enough for stippling ; 
above all things the points must be beautifully fine and the 
means of ascertaining this are simple ; the purchaser has but to 
ask for a little cold water—kept purposely by artists’ colourmen, 
with a bit of sponge in it. A tray or drawer full of different 
sized brushes is set on the counter, and the purchaser selecting 
a promising-looking sample, washes it well in the water and on 
the sponge, and then taking it out saturated with water, suddenly 
and violently jerks it behind him, or rather the hand holding it, 
this will throw the water from the brush, and if it is a good one 
the point will be perfect, not else, and it is quite impossible to 
work colour up to a line and not go over it with any but a well 
pointed brush. Occasionally the tiny brushes used by litho- 
graphers are handy, they are sold usually by the dozen in little 
bottles. As sable brushes are very expensive great care must be 
taken in selecting good pointed ones; a goose quill, red sable, 
will cost something like four shillings, but on the other hand, 
with care, a good brush will last for months in regular hard work, 
and years for recreation work. A brush, however, must never 
on any terms be put into ink if intended for colours, neither, 
strictly speaking, should a brush be ever used for any but one 
colour, because the colour or ink lies in the root or tieing of the 
brush, and no washing will ever effectually get rid of it, while on 
the other hand there is always a danger of its injuring some 
other tint the brush may be used for ; thus a brush used first for 
Prussian blue, and then for yellow, is very likely to convert the 
latter into a sickly green ; Prussian blue being the most killing 
of all the water colours. 


THE GOLD, SILVER, AND JEWELLERY 
MANUFACTURES. 


@ os the earliest ages, and in all quarters of the 


Say globe, mankind have been prone to wear, and to 
— ~, Y) admire, whether worn or not, the glittering produc- 
S Ny alee tions which come under the general designation of 
p FN) jewellery. Sparkling stones, from the colour- 
ISIN) jess diamond to the deepest ruby, reflecting light 
brilliantly when polished, have been valued in the East during a 
longer range of centuries than history can trace. Pearls, coral, 
and amber came into favour at different times and in different 
countries. Gold,so rich and sunny in its glow, so permanent 
in its qualities, so pliable in working, has had a reign of glory 
which no other metal has enjoyed. Silver, second only to gold in 








these particulars, has been in still larger demand in quantity, owing 
to its lower price, while combinations of some or all of these— 
gems, precious stones, pearls, coral, amber, jet, gold, silver—have 
been a source of attraction for all ages and conditions, tasteful 
and barbaric alike. 

At p. 244 of our second volume, a detailed account is given 
of M. Rouvenat’s jewellery and bijouterie manufactory in the 
Rue Hauteville, Paris. It was translated by permission from 
M. Turgan’s elaborate work, “Les Grandes Usines,” and is 
illustrated by a series of wood-cut engravings. The establish- 
ment selected is well suited for the purpose ;'seeing that M. 
Rouvenat, so far as is practicable, conducts all the processes 
within one factory, and under his own supervision. The gold 
and silver are obtained in the form of ingots ; the diamonds 
and other precious stones are bought in the rough state ; and 
these materials do not quit the place until they have been wrought 
into beautiful articles of jewellery, for personal adornment and 
for other uses. We may also refer to another article in the same 
volume (p. 144) giving an elaborate description of the diamond- 
cutting works at Amsterdam, belonging to M. Coster, who takes 
the lead throughout Europe in this department. The history of 
these precious gems, descriptions of some of the principal speci- 
mens, and a detailed account of the processes of splitting, polish- 
ing, &c., will be found in that article. In further illustration of 
the same subject, the reader may advantageously refer to p. 138 
of vol. iii., where an account, accompanied by eleven engravings, 
is given of the establishment maintained by the New York Dia- 
mond Company. The description refers to the largest factory of 
the kind in the New World, marked by many points of difference 
from Coster’s establishment at Amsterdam, but, like it, showing 
how elaborate and careful are the processes whereby the most 
precious of all gems is wrought into a beautiful jewel. 

The three articles above cited will obviate the necessity of giv- 
ing any lengthened account here of the manipulations, the actual 
manufacturing processes, in the branches of industry applied to 
jewellery. Neither do goldsmiths’ and silversmiths’ work need 
much description ; for most persons know something of the pro- 
cesses whereby metal wares are produced—rolling, flattening, 
wire-drawing, stamping, turning, founding, pressing, planishing, 
soldering, chasing, water-gilding, and the like. Nevertheless, 
there is a large amount of curious additional matter well worth 
the attention of the reader, as we will proceed to show. 


TECHNICAL CLASSIFICATIONS IN THE TRADE. 


The French are more successful than ourselves in defining the 
meaning of the technical terms they employ. A jeweller, with 
us, is an odd compound of the gem-worker, the goldsmith, the 
silversmith, the trinket-maker, and the watch-maker, with an 
ever-varying change of the proportions in which these trades are 
combined. The French make a better approach to classification 
by using the terms joadllerie, bijouterie, and orfévrerie, inter- 
preted somewhat as follows :— ; 

Foaillerie comprises those articles in which gems, pearls, and 
precious stones form the principal feature—gold or silver con- 
stituting little more than the groundwork for exhibiting them. 
The finest kinds, the productions of the jeweller’s art in its 
highest development, are such personal ornaments as necklaces, 
tiaras, bracelets, earrings, finger-rings, brooches, &c., almost ex- 
clusively wrought in diamonds, pearls, sapphires, emeralds, rubies, 
amethysts, opals, and the like. A secondary class comprises cer- 
tain forms of cheaper or inferior jewellery, more or less local ; such 
as the garnet ornaments peculiar to Bohemia, and the works 
in coral, amber, jet, &c. The lowest class comprises imitations 
of pearls and precious stones, presenting all the inferiority which 
pertains to mere imitation, but at the same time depending very 
little on such adjuncts as gold and silver. x d 

Bijouterie presents much more variety, both in form and in 
material. The best comprises works in gold and silver, in- 
tended for personal ornament or for cabinet and toilet use, and 
more or less set off with gems and precious stones, or enriched 
with enamel, or with the skilled work of the chaser and gem- 
engraver. Besides the best gems, sparingly used, such articles 
afford much scope for the use of the beryl, chrysoberyl, turquoise, 
topaz, pyrope, almandine, chalcedony, onyx, sardonyx, agate, 
carnelian, malachite, &c. A lower grade of bijouterie comprises 
the same kinds of material, but with a less lavish expenditure of 
skilled labour ; this is usually an industry of particular localities, 
supplying special markets. But the largest class, in which the 
greatest amount of trade is done, consists of cheaper articles, 
comprising only a small amount of real gold and silver, set with 
stones of minor value. Among such are ornaments in copper, 
plated with gold in the manner called or doud/é; ornaments In 
copper, covered with a thin film of precious metal, either bs 
the water-gilding or the electro-gilding process, and often — 
with imitative precious stones ; and lastly, ornaments of steel, 
which are a large item in Paris workmanship. 
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Orfévrerie is really gold and silver work, depending in no 
degree on the use of gems or precious stones. This comprises 
the highest class of table-plate, testimonials, competition cups, 
and trophies ; as well as the best ornaments in gold and silver 
(without gems), such as watch-cases, chains, lockets, wedding- 
rings, snuff-boxes, and the like. When the magnificent Paris 
Exhibition of 1867 was held, the Imperial Commissioners at- 
tempted something like an exhaustive classification of these costly 
productions of art; but with only limited success. Mr. Cayley, 
who reported on this subject to the British Commissioners, said, 
“ Gold and silver plate, the central subject of this classification, 
divides itself on either side from its kindred and contiguous 
industries, jewellery and bronze-work, by somewhat indefinite 
lines of demarcation. Cups in crystal, sard, or bloodstone, set 
in gold and enriched with precious stones, would seem to be 
rather a larger form of jewellery than plate proper ; while the 
gilt and silvered statuary vases, centrepieces, candelabra, &c., 
sculptured in gilding metal, might arrange themselves more 
appropriately under the category of the bronze-worker than the 
goldsmith. The distinction seems to be drawn here, not from 
any difference in method of manufacture, but with reference to 
the destination of the objects exhibited. The drawing-room 
decorations, in however artistic and highly finished gilt and plated 
metal-work (often rivalling if not excelling the silversmith’s), be- 
long to the bronze department ; while all that relate to the 
decorations of the dining table, and to eating and drinking, even 
though they reach no large proportions, and are equally made of 
gilt, bronze, or brass, are classed with plate. Again, though the 
merit of plate would appear to depend much more on form 
than on colour, the enameller, in whose art all the delicacies of 
the most elaborate miniature painting go for much more than 
sculpturesque form, enters into direct competition with the gold- 
smith proper. Then the ecclesiastical goldsmith stands between 
the two, mingling enamel-work with sculpture and architectural 
forms ; so that to judge, under the same category, of the relative 
degrees of excellence in the chefs-d’ceuvre of Morel Ladeuil, 
Lepec, and Armand Calliat, is very analogous to an attempt to 
range in sequence of merit the Venus of Milo, the Parthenon, 
and Raphael’s frescoes in the Vatican.” 


THE ASSAY, AND THE STERLING OR STANDARD, OF 
GOLD AND SILVER. 


All gold and silver work, whether for table-plate, trophies, 
jewel-settings, chains, or watch-cases, is placed in the same pre- 
dicament as the coinage of the realm; it cannot be exactly 
what it professes to be, pure metal; it must partake a little of 
the nature of a sham, although for a thoroughly good and 
sufficient reason. We do not speak of those other metals which 
are made to look like gold, and which doubtless suggested the 
proverb “ All is not gold that glitters ;” nor do we mean plating, 
water-gilding, or electro-gilding, in which a thin layer of costly 
metal is made to cover a thicker groundwork of metal less costly. 
We refer to the fact that the best of gold, even for the best work 
of the goldsmith and jeweller, as also for the requirement of the 
Mint, is not, and must not be, absolutely pure. The truth is 
that these two metals, in a state of purity, are too soft for dura- 
bility ; they require to be combined with some other metal or 
metals, in order to harden them. The most convenient metals 
for this purpose are copper for hardening silver, and silver and 
copper for hardening gold. 

Here we see at once how a necessity arose for official vigilance 
and authority in the fabrication of articles in the precious metals. 
As silver alloy is cheaper than gold, and copper alloy cheaper 
than silver, manufacturers were tempted (whether they actually 
fell into the temptation or not) to debase the precious metals by 
an undue admixture of the cheaper kinds, in order to make larger 
profits. This became a source of deception and fraud, in regard 
both to the coinage and to ornamental gold and silver work; and 
the sovereigns of England deemed some kind of regulation neces- 
sary. Inthe year 1238, a law was promulgated on this subject, 
prescribing the standard or sterling that should be adopted; that 
is, the proportion between the gold or silver and the baser metal. 
It is believed that the word a//oy, now so much used, had its 
origin in this way, the quality being determined @ /a Joi, or 
according to law. The sterling varied a little at different 
periods ; but it has for a long time been as follows : Supposing 
the weight of a gold coin to be divided into 24 équal parts, 22 of 
these are pure or fine gold, and 2 alloy (usually 1 of silver and 1 
copper). This sterling gold is then said to be of “ 22 carats! 





' Carat is the name of the seed of the Abyssinian coral flower. Being 
small and nearly equal in size, these seeds came into use (at a period 
not now ascertainable) as weights for weighing diamonds and other gems. 
In England, 3 {troy grains are now taken as the carat, the equivalent of 
the seed or bean. In gold and silver work, carat is a proportion, not a 
weight, in the mode explained in the text. 





fine,” the parts being called “ carats,’ and the pure gold “ fine.” 
Again, supposing a silver coin to be divided into 40 parts by 
weight, then 37 of these parts are pure or fine silver, and 3 copper. 
Some of the kings of England, greatly pressed for money, de- 
based the coinage by an additional percentage of alloy ; but 
the standard or sterling has generally been as here described. 

Such being the case with the coinage, we have next to consider 
in what manner the regulations have been brought to bear upon 
other articles made of the precious metals. The same standard 
was for a long period prescribed for these as for coin, but the 
goldsmiths repeatedly broke through this regulation. The most 
stringent law was that of 1576, which forbade any goldsmith from 
making, selling, or exchanging goldwork of a lower quality than 
22 carats fine. It was not until 1798 that a standard of 18 
carats was expressly permitted, with a requirement that a stamped 
device should denote this quality. From that time the best 
jewellers’ gold has been regarded as 18-carat; although the 
jeweller is quite at liberty to use a higher quality if he please— 
be it 20 or 22, or even 24—absolutely pure gold. In 1854 an 
Act of Parliament gave permission to use any quality as low as 
8 carat—that is, only one-third gold to two-thirds alloy. The 
Goldsmiths’ Company proceeded to make arrangements in con- 
formity with this statute, so faras to introduce regular recognised 
marks for 9, 12, and 15 carat gold, in addition to those for higher 
qualities. It has been ascertained, by the experience of the last 
twenty years, that in regard to one article of manufacture—gold 
watch-cases—these low qualities are but little adopted (sophis- 
tication apart) ; when a man decides on purchasing so costly an 
article as a gold watch, he is willing to pay for the good standard 
of 18-carat. So far as regards personal jewellery, table plate, 
and gold ornaments generally, the lower standards are much 
adopted by some manufacturers ; and it requires a careful attention 
to official marks, or a reliance on the high character of the maker, 
or both, to insure the purchaser against unfair dealing. In this 
as in other departments of industry, an undue love of cheapness 
leads to an indulgence in much dishonesty. 

The answer to the question, how to determine the quality of 
a mixture of the precious metals with those of baser kinds, is 
givén by the assayer. In bygone times the discrimination was 
effected by means of a fouchstone. There are some kinds of 
stone which, when rubbed with a piece of pure gold, will receive 
a mark or tracing on the surface ; with silver, a different mark ; 
with copper, again, a different mark ; and with any combina- 
tion of two or all three of them, a mark differing according to 
the nature of the constituents. Zouch needles were carefully 
prepared, one of 23 gold to1 copper, one of 22 gold to 2 copper, 
one of 21 gold to 3 copper, and so on, down to the poorest kind 
used in jewellery. The touchstone was a piece of smooth black 
basalt, or of bituminous quartz. When a piece of gold was to 
be tested as a means of ascertaining its quality, strokes or 
touches with two or more of the needles were made on the 
touchstone, and in juxtaposition with them a stroke with the piece 
of gold ; whichever touch-trace most resembled the gold-trace 
was accepted as the type and representative of its quality. It 
was a rough and ready way, much adopted in past centuries ; 
and even now it is brought into requisition in some cases, 
despite the advances of scientific chemistry. A few grains, at 
the very least, must be cut or scraped from the article, as the 
material whereon the assayer has to work ; and it may happen 
that such scraping would be detrimental to the more delicate 
articles of jewellers’ or goldsmiths’ work. Other touch-needles 
would render the touch-stone applicable to articles in silver or 
alloys of silver. 

The more scientific process of assaying depends on chemical 
action and reaction, affinity and decomposition. Assaying by 
the dry way is effected chiefly through the agency of heat; in 
the wet way, through the agency of acids and other chemical 
liquids. Cupels or small crucibles made of compressed bone- 
ash ; an anvil for flattening pieces of metal with a hammer; a 
small earthen oven called a muffie; a few stoppered bottles, bits 
of pure sheet-lead, and glass vessels called durettes—are the 
chief implements needed ; while the re-agents employed are 
chloride of sodium, nitric acid, &c. Without going into the 
scientific details of technical processes, such as cupellation, 
solution, precipitation, quartation, &c., it will suffice to say that 
an experienced assayer can determine the value of an alloy to 
the nicety of two parts in 4,000 or 5,000, 

Improvements are from time to time introduced into the 
assayer’s art, as in most others connected with the jewellery and 
goldworking trade. When the British Association for the 
Advancement of Science held its meeting at Bradford in 1873, 
a report was prepared and read on the delicacy of gold assays. 
Different assayers, it is found, differ by a proportion of s¢5,5 or 
so in the quantity of gold they discriminate in a particular alloy. 
This quantity is almost infinitesimally small; yet it is con- 
sidered that greater uniformity ought to be insured ; and sug- 
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gestions were made as to modes of effecting a more refined 
assay or analysis. 

The wonderful science of sfectroscopy, or the analysis of the 
chemical constitution of bodies by means of the spectroscope 
or optical prism, is brought to bear in many unexpected ways 
upon manufacturing processes ; and now it seems not unlikely 
to be rendered available to the assayer. Mr. Lockyer and Mr. 
Roberts have announced that the spectroscope may be brought 
into use in analyzing the alloys with which assayers, refiners, 
goldsmiths, and jewellers have so much to do. An electric 
battery is so arranged that while one electrode is of a fixed 
and determinate character, the other is made of a bit of the 
alloy which is to be analyzed. When the circuit is completed, 
a spark is produced at the electrodes. A spectroscope is next 
brought into action ; each metal in the alloy produces its own 
characteristic series of coloured lines ; and by the number and 
tints of these lines the composition of the alloy is ascertained. 
The authorities above named express a belief that this mode of 
analysis is susceptible of a near approach to exactitude. 

We shall have occasion presently to speak of differences in 
the workmanship of English and foreign jewellers ; but it may 
be well here to notice a fact connected with the influence of the 
kind of gold alloy on the colour and appearance of jewellery. 
When the Great Exhibition of Vienna was being held in 1873, 
the Birmingham jewellers, ‘much to their credit, sent over a 
select body of skilled and intelligent artizans to examine the 
articles belonging to their particular trades, and to draw up 
reports concerning them. These reports are given somewhat 
at full in our third volume (p. 467 ef seg.) ; but we will call 
attention here to a remark concerning the quality of gold used 
by Austrian jewellers. A rule is observed among them of using 
only two such qualities, 14 carat and 18 carat respectively. This 
rule is of somewhat recent introduction, and is well observed, 
especially among the leading jewellers of Vienna, who find it to 
their advantage to use gold of reliable quality in their work ; 
in order that they may stand on mutually equal terms. So 
much is this rule respected, that every separate part of an article 
guaranteed must be of the guaranteed quality of the whole. In 
the cells or cavities at the back of brooches and pendents the 
same strictness is observed ; and many of them are so joined or 
made that the whole may be proved to be of genuine metal. 
An additional advantage in the use of 18 carat or high-class 
gold is the better colour obtained in the work. The best Vienna 
gold jewellery is inthis respect very superior, having a soft 
smooth dead surface, with what is termed a satin bloom ; not a 
speckled granular ground like that sometimes produced unin- 
tentionally in trying to obtain a dead frosted appearance ; nor 
the light bright polish common to cheap English goods. The 
better the quality of the gold, the less is the surface destroyed 
by the after process called “ colouring.” Gold of 14 carats is 
about the lowest quality upon which a good colour is obtainable ; 
hence when a poorer quality is used (which is much done in the 
cheaper kinds of English make), more is lost in colouring, 
while an inferior effect is produced. 


HALL-MARKS ON PLATE AND JEWELLERY. 


So much then for the standards of quality in gold and silver, 
and the modes of ascertaining them by touchstone and by assay. 
We have next to describe how these matters are guaranteed for 
the due security of the purchasers and the general public, by 
means of hall marks, makers marks, municipal marks, date 
marks, and governmental marks. Strictly speaking, a hall mark 
denotes the stamp impressed upon the goods at Goldsmiths’ 
Hall, by officials of the Goldsmiths’ Company ; but the term is 
often applied in a general way to all the various kinds of marks 
above named. 

Quite early in the Plantagenet period, nearly six hundred 
years ago, the privilege of assaying the precious metals was con- 
ferred by royal grant on the Goldsmiths’ Company or Guild. 
This celebrated chartered or incorporated body was originally 
composed of a small number of practical men, appointed to 
watch over and control ail the members of the goldsmith’s craft, 
in the City of London. The wardens were authorized to visit 
the shops and workshops of the makers and sellers of gold and 
silver wares ; to inspect the goods made and offered for sale ; to 
assay the quality of the metal; and to impese penalties for the 
adoption of a debased standard. All the wares were stamped 
with three marks—a leopard’s head for the Goldsmiths’ Com- 
pany’s mark, name initials for the maker’s mark, and a selected 
letter of the alphabet for the assayer’s mark. A few provincial 
towns acquired a somewhat similar control over the. gold- 
workers of their municipality. Each had its own municipal 
mark to stamp on the wares ; and some were empowered to 
appoint a “keeper of the touch” or assayer. During the pro- 
gress of centuries, other cities received assay-power over the 
precious metals, until the number included London, York, 











Chester, Exeter, Norwich, Newcastle-on-Tyne, Sheffield, Bir- 
mingham ; to which were added, after the union with Scotland, 
Edinburgh and Glasgow; and more recently Dublin. Every 
town adopts a particular letter of the alphabet to denote the year 
of assaying and stamping, changing either the letter or the form 
of the alphabet every year. No two towns adopt exactly the 
same alphabetical character in the same year ; if one is in the 
middle of Roman capitals, another will be in Gothic capitals, 
and another in small; if one is H, another will be L, or N, or 
P. Each of the towns has also a municipal stamp or symbol, 
which may be a lion, sword, castle, crown, anchor, wheatsheaf, 
&c. <A person well skilled in these matters can tell in what 
town and in what year a piece of English gold or silver plate 
was made or assayed and marked, by examining the symbol and 
the letter stamped on it; and the initial letter will also give a 
clue to the name of the maker. Detailed instructions on these 
points will be found in Mr. Chaffers’s volume on “ Hall Marks,” 

No great distinctions were made at first in gold and silver 
wares, except those depending on variations in standard. When, 
however, in the last century, an excise duty was imposed, watch 
cases were exempted, so were small jewellery settings and trinkets, 
and so likewise were such chased and engraved wares as could 
neither be stamped nor scraped without injury (scraping, as we 
have explained, is the mode by which a few grains are obtained 
for assay). The exemptions are so numerous, that the duty 
is practically confined to gold and silver plate, as distinguished 
from gold and silver jewellery. All plate is officially assayed, 
and everything assayed is charged with a small duty, except 
watch-cases. All gold up to the sterling or standard of 22 carats 
is stamped with 22 and a crown; but there is very little of this, 
except coin and wedding-rings. The hieroglyphics on gold and 
silver plate are generally four-fold—the hall or corporate mark, 
the royal or duty mark, the date mark, and the maker’s mark ; 
and to protect these an Act of Parliament was passed in 1844. 
Fine or imprisonment, or both, are imposed for forging or 
counterfeiting hall-dies, marking wares with forged dies, coun- 
terfeiting the mark produced by a die, fraudulently using genuine 
dies, transposing die-marks from one piece of plate to another, 
&c. Roguery is sometimes at work in these matters. On one 
occasion a maker cut off a bit from a silver skewer of 1774, con- 
taining the hall stamp or mark for that year, and dexterously 
soldered it to new silver with which a spoon was made— intended 
to be palmed off upon collectors and connoisseurs as a choice 
art-specimen of old silver-work. 


CHARACTERISTICS OF ENGLISH AND FRENCH JEWELLERY. 


A clever gem-jeweller is not necessarily equally clever in gold 
and silver jewellery, nor the latter with the maker of table plate, 
trophies, &c. The three arts are in fact different ; and this dif- 
ference is observable in countries as well as in individual 
workers, due to causes not always easy of discrimination and 
estimate. 

Mr. Maskelyne, Professor of Mineralogy at Oxford University, 
who reported on the jewels, gems, and precious stones displayed 
at the Paris Exhibition of 1867, made some interesting remarks 
on the relative characteristics of high-class English and French 
jewellery. He considered that “ London jewellery, in accordance 
with English tastes in general, is wont to exhibit a certain 
solidity and substantial massiveness as an essential quality. 
For, while the English jewellers are justly celebrated for the 
careful selection of the diamonds and precious stones with which 
they compose their works, they are not less conspicuous for the 
firm and admirable workmanship of the settings in which they 
secure them. An almost fabulous wealth of precious stones may 
be seen in the cases of the French jewellers ; but for a fine 
selection of well-matched stones—in admiring which one almost 
forgets the costliness and choiceness of each single diamond, 
emerald, or pearl, as one surveys the perfection of the whole— 
the jewellery exhibited by the Countess of Dudley, in the case 
of Messrs. Hunt and Roskell, stands alone.' The characteristics 
of French jewellery, on the other hand, are of a very opposite 
character. Aiming at lightness of effect and at concealing the 
difficulty of giving the precious stones of a farure sufficiently 
strong mountings without surrendering something of grace and 
elegance, the Parisian jeweller has too often sacrificed to the 
promptings of taste the firmness and rigidity that security re- 

uires.” 
bs Mr. Maskelyne illustrates these remarks by pointing out the 
nature of the task which the artistic worker undertakes. It 
must be borne in mind that the precious stones of a piece of 
jewellery are, in fact, let into small cells cut for each individual 
stone out of a solid plate of silver or gold. Furthermore, the 





1 Many readers will recollect that this matchless group of suites of 
jewels was again publicly shown in 1872, at our International Exhi- 
bition. 
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stones, when inserted into these, have to be so secured that the 
portion of the edge of the stone held by, and therefore concealed 
in, the setting may be the least possible consistently with the 
setting having a firm hold on the stone. Therefore, in the choice 
of designs for a piece of jewellery, security would suggest the 
selection of such as do not demand an extraordinary delicacy of 
substance ; while the brilliancy, colour, and flashing variations of 
light, which constitute the charm of the gem or precious stone, 
are not set off to advantage in forms that suggest the idea of 
weight. Hence the great difficulty consists in avoiding a mas- 
siveness that looks ponderous, or an ornateness that may become 
poor in taste and insecure in setting. “It is,” says Mr. Maske- 
lyne, “in the various forms assumed by the tiara, the ornament 
above all others the best adapted for the diamond, that these 
difficulties have been perhaps most often and most completely 
overcome. Ina necklace, the English jeweller, wishing to take 
nothing from the resplendent effect of a single row of large dia- 
monds, prefers to set such stones in simple juxtaposition ; while 
the French jeweller would seek to set them off with a design, or 
surround them with a hundred satellites of minor diamonds. 
Another fashion, much followed in French jewellery, seeks to 
represent in diamond-work the graceful curves and delicate 
forms of the vegetable world. This is a dangerous path, one 
footstep out of which may plunge the artist who follows it into 
bad taste; while, if he advance along it too timidly, he will 
surely leave evidence on his work of that intractability of his 
materials which it is his object to conceal or conquer.” 


FRENCH GOLD AND ARTISTIC WORKS. 


There are two French terms, doublé dor and talmi gold, which 
denote two modes of manufacturing more usually carried on in 
France than in England. Dowud/é dor is a kind of plated or gilt 
jewellery, introduced about 1830. The inventor had much 
trouble in obtaining from the French Government permission to 
stamp the word ‘ doublé’ or ‘ plated’ on the articles produced ; 
other manufacturers, adopting the old methods, sought Govern- 
ment protection for a time ; but at length doud/é dor established 
a place for itself in the jewellery trade. The substance consists 
of a plate of copper with a layer of gold upon it, the copper 
being ten or twelve times as thick as the gold. The adhesion of 
the two is ensured by means of soldering. The combined plates 
are brought to the requisite thickness for jewellers’ use by flat- 
ting and drawing. Great care is needed to prevent the gold 
from separating from the copper. The metal will bear stamping 
with steel dies, and lends itself with facility to the production of 
a large variety of elegant designs. The other kind, Zalmi gold, 
is a cheaper material, brought into use by the competition among 
the makers of low-priced jewellery. The material consists of 
plates of copper, brass, or pinchbeck, with a very thin layer of 
gold upon them—even so little as one per cent. The plate is 
drawn into wire, the gold retaining the same percentage to the 
inferior metal as at first, however fine the wire may be. Talmi 
gold chains are now made at Paris, with ninety per cent. of 
copper as a basis, nine per cent. of zinc plate upon this, and only 
one per cent. of gold on the surface. Being well made, the sub- 
stance is brilliant in its golden colour ; while the precious metal 
adheres to the foundation more effectually than in electro-gilt 
wares, 

The above-named materials, doudlé d’or and talmi gold, 
belong of course only to the cheaper forms of gold or guasz gold 
work. They do not militate against the fact that France pro- 
duces gold and silver work of the very highest class, in the form 
of banquet-plate, trophies, &c. Messrs. Christofle, of Paris, are 
especially eminent in this line, and other firms aid in maintaining 
the high reputation of that country in the art. Those of our 
readers who were able to visit Paris in 1867 and Vienna in 1873, 
had opportunities of seeing many splendid specimens; and 
many who were denied that pleasure can carry back their 
recollection to 1862, with its gorgeous display at our own great 
Industrial Exhibition. 

The French take a deservedly high rank in the production of 
artistic bronzes. So long as the metal is confined to bronze 
alone, the well-known compound of copper and tin, we have no 
immediate concern with it in the present article ; but when en- 
riched with gold, silver, or enamels, it enters the domain of the 
art of the jeweller and goldsmith. On this account we will define 
the meaning of three words much used in connection with 
such productions, viz., vepoussé, cloisonné, and champlevé. In 
artistic metal-work, refoussé is a design in relief produced by 
skilful hammering ; the protuberant parts being beaten up or 
pushed up from the back. Indeed “pushed up” is the exact 
equivalent to “ repoussé.” 
work. It was much in favour with the Romans, who used it as 
a mode of adorning their helmets, shields, arms, armour, vases, 
and goblets, the material being silver, and the designs mytho- 
logical, The Church in the middle ages adopted repoussé for 





English artists often call it Aammer-- 





adorning the eucharistic vessels, &c. Benvenuto Cellini, in the 
time of Francis the First, raised the art to the highest pitch of 
excellence it has ever attained; witness the exquisite Cellini 
shield, now at Windsor Castle. The metal treated by repoussé 
or hammering is always in thin plates or sheets; punches of 
various sizes and shapes are employed, to transfer the blows of 
the hammer to the metal ; and the hammered-up surface is then 
finished by scraping, chasing, burnishing, etching, &c., accord- 
ing to the taste of the artist. The stamping of Birmingham 
sheet-metal is mechanical work; the hammering-up of the 
goldsmiths’ productions is artistic work, occupying altogether a 
different region. The other two terms used above refer to two 
modes of artistic enamelling. Sometimes cavities or cells are 
formed in gold filigree on the surface which is to be enamelled, 
and filled with enamel. Sometimes incisions are cut deeply 
into the surface, and filled up with enamel. The two methods 
present a difference of level, and this difference is denoted by 
the terms cloisonné and champlevé. 

It must not be inferred, because the terms used in the preceding 
paragraph are French, that the productions denoted are necessarily 
of French manufacture. England produces, for instance, some 
fine repoussé work, albeit the artists for the best kinds are more 
likely to be French than English. One of the noblest existing 
specimens of repoussé work in silver was finished in 1872 by 
Messrs. Elkington, ata cost of £6,000. It isa trophy of repoussé 
silver, relieved with steel damascened with gold. A vase in the 
Renaissance style stands upon a plateau six feet long, the vase 
covered with rich designs in alto and basso rilievo, and various 
parts of the plateau adorned with exquisite figures emblematical 
of the Muses, &c. This great work is said to have occupied 
the artist, M. Morel Ladeuil, six years to execute, in designing 
and in repoussé work. The same artist, employed by the same 
enterprising firm, executed the Milton shield, placed temporarily 
in the South Kensington Museum. French artists of note are in 
the service of other leading firms in London. 

Many of these productions—gold and silver trophies and table 
plate, bronze inlaid with silver, artistic enamel combined with 
metal-work, &c.—have been illustrated by engravings in past 
volumes of the present work. We may conveniently give re- 
ferences to them as an assistance to the reader :— 


Vol. I. p. 52,—Damascene plate, designed by Montalan, from 
the collection of Baroness Rothschild, Paris. 
»,  p.89.—A surtout—table plate, style of Louis XIV. ; 
by Odiot. 
p- 105.—Coffee service in the Turkish style, in cham- 
plevé enamel ; by Christofle. 
p. 259.—Agate cap, supported by a Greek statuette in 
zinc ; by Blot and Drouard. 
» p- 263.—Enamelled cup—pure gold, with opaque and 
translucent enamels ; by Lepec. 
p. 359.—Vases in Japanese style, of bronze encrusted 
with silver ; by Christofle. 
Vol. II. Frontispiece.—Cloisonné enamels, from the Vienna 
Exhibition of 1873; by Christofle. 
» Pp. 261.—Epergne, style of Louis XV. ; by Odiot. 
»» Pp. 271.—Hunting trophy cup ; by Fanniére Brothers. 
» P- 344.--Epergne, forming part of table service for the 
Paris Hétel de Ville ; by Christofle. 
Vol. III. p. 26.—Bronze vase encrusted with silver; from the 
Vienna Exhibition. 
. 136.—Centrepiece ; by Odiot. 
. 169.—Inlaid bronzes, with cloisonné enamels, from 
the Vienna Exhibition ; by Christofle. 
. 225.—Bronzes, from ditto ; by Rollin. 
. 244.—Vase in bronze and silver, from ditto; by 
Christofle. 
Vol. IV. p. 7.—Encrusted enamels ; by Christofle. 
»  p. 87.—Part of the table service made for the Hétel de 
Ville ; by Christofle. 
yp. 225.—Dinner service in silver repoussé ; by Christofle. 


cso VT 


ORGANIZATION OF THE INDUSTRY IN LONDON, 


The system on which these combined trades, of jewel-work 
and gold-work, are conducted in London presents some curious 
features. The subject may perhaps be conveniently illustrated 
by briefly noticing four localities separately—Bond Street, Corn- 
hill, Soho, and Clerkenwell. 

In the West End of the metropolis, especially in and around 
Bond Street, we find the goldsmiths and jewellers who mainly 
supply the Court, the nobility, and the haut fon generally. 
The value of the stock kept by some of these firms is enormous. 
Garrard, Hunt and Roskell, Hancock, London and Ryder, 
Howell and James, Streeter, Elkington, and other well- 
known names, recall to us the fact that the wares produced are, 
beyond any other known in the arts, of enormous value compared 
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with their small size. A morocco case, in the breast-pocket of 
one of the trusted members of these firms, may often contain ten 
thousand pounds’ worth of jewels, which are to be purchased by 
or shown to a customer of wealthy means ; a single diamond 
kept in store till a potentate or a millionnaire comes forward to 
buy it, is not unfrequently worth twice or thrice this sum; a 
necklace, with a value of ten thousand pounds, and to be pre- 
sented (say) to a princess, would lie snugly in one’s waistcoat- 
pocket. Some of the firms direct their attention mainly to 
these high-priced gems and precious stones ; some are more 
famous for gold and silver work, in the forms of trophies and 
table plate; while others take up these two departments in 
about equal proportion. Competition there is, but it is the com- 
petition of excellence rather than of cheapness. Many families 
deposit their jewels and plate, for longer or shorter periods, 
with these firms for safety ; whether the strong-rooms in which 
the valuables are kept are on the jeweller’s premises, or at the 
family banker’s, is a matter known only to those immediately 
concerned. Some of the jewels and plate are carried through all 
the stages of progress on the spot ; some are procured in a 
finished state from makers who supply the great firms; some 
are obtained in a partially manufactured state, and then com- 
pleted by the firms. All have workshops, but many circum- 
stances determine the amount and kind of work done therein. 

Cornhill may be regarded as the Bond Street of the City, in 
the wealth of the jewellers’ and goldsmiths’ establishments. 
The City man, well-to-do in this world’s good things, adorns his 
suburban villa according to his taste and means; wife and 
daughter have their sets of luxurious jewels ; while the dinner- 
table often displays much glitter of gold and silver. The 
Corporation, the City companies, the great taverns and hotels 
in which banquets are held—all or nearly all have their ser- 
vices of plate ; and Cornhill is intimately connected with the 
making and the renewal of these costly wares. Goldsmiths’ 
work and watches are perhaps more largely purchased in this 
locality than jewellery properly so called ; but all these share in 
the great trade carried on. As Bond Street looks superciliously 
down upon Oxford Street and the Strand, so does Cornhill claim 
supremacy over Cheapside and Fleet Street, while both of them 
ignore Holborn. 

Soho has more to do with costly jewellery than most persons 
imagine. In the quieter of the streets comprising the Soho and 
Golden Square region are numerous manufacturers, employing 
workmen in greater or less numbers, and engaged in making 
gold and jewel work. They have few private customers, and no 
glittering shop windows ; nearly the whole of their work is for 
the West End houses, which gain credit for any excellence dis- 
played by Soho. One maker has his speciality in trophy work 
and racing cups, another in salvers and table-plate, another in 
finger rings, another in jewel settings ; and it may be that one 
order executed by one Bond Street firm has engaged the 
services of several of these quiet, little known, unobtrusive 
makers. 

Clerkenwell is more famous than Soho in connection with 
these matters. What it achieves in clock and watch making 
was sketched in a former page (vol. iii. p. 408) ; but its activity 
is almost or quite as great in gold and jewel work. In the 
streets around and between St. John’s Street and Goswell Street 
these industrious workers congregate in great number and 
variety. That massive index to London life, the Post Office 
Directory, gives us a curious insight into this matter, by showing 
how many are the sub-divisions which have been gradually intro- 
duced in these branches of industry, and how closely they are 
connected with Clerkenwell. Manufacturing jewellers, working 
jewellers, hair jewellers, gold cutters, gold chain makers, gilders 
and platers, goldsmiths, gold refiners, chasers, diamond workers, 
working silversmiths, diamond merchants, jewel-case makers, 
cameo cutters, lapidaries—abound hereabout. Clerkenwell 
works both for Bond Street and for Cornhill, and could (but must 
not) claim a considerable share in the credit for the glittering 
and cgstly wares produced; the private customers are few. 
Clerkenwell pays a considerable sum of money annually to the 
Goldsmiths’ Company, as a fee for stamping the hall-marks 
on articles of gold and silver. There is much going to and 
fro of messengers with watch cases, christening mugs, pre- 
sentation salvers, silver teapots, racing trophies, and other 
dainty wares between the makers’ shops and the Hall. Machi- 
nery is but little employed ; patient hard work produces the re- 
sult, whether it be a silver-gilt goblet or a diamond - breast-pin, 
with the aid of a little stamping, lathe-work, &c., here and there. 


THE BIRMINGHAM JEWELLERY TRADE. 


The jewellers’ trade of Birmingham is of a singular character. 
If an assertion were made that the townsmen cannot produce 
high-class work, they would demur to its correctness. At any 
rate, whether they can or cannot, they seldom do. A purchaser 





would never think of giving a very high price for an article of 
Birmingham jewellery ; even if it were first-class, he would not 
believe it, as he would dread the designation of “ Brummagem” 
being hurled at it. Yet the International Exhibition of 1872 
showed that the workers in that busy town can produce beau- 
tiful jewellery if encouraged so to do: excellent in the géms and 
precious stones, and in the gold and silver accompaniments. 
Nevertheless, it remains true that Birmingham seldom aims at 
these higher flights of art ; it cultivates a larger trade in works 
of a lower standard. Using the two French terms joaz//erie and 
bijouterie, it may be said that the latter rather than the former 
represents the average of Birmingham work. The familiar col- 
lective name for all the articles produced is ¢7zkets ; and the 
trinket trade of the place is certainly enormous. It comprises 
small ornamental articles made of gold, silver, aluminium, tor- 
toiseshell, jet, amber, coral, vulcanite, steel, and other materials, 
combined in almost infinite variety. The designers employed 
by the trade are always on the alert in devising or looking out 
for new patterns for brooches, lockets, necklaces, pendents, 
finger-rings, earrings, bracelets, armlets, hair-pins, buttons, 
buckles, studs, breast-pins, scarf-pins, and other articles in what 
may be called personal’ jewellery ; together with an endless 
variety in pencil-cases, pen-holders, rims for eye-glasses and 
spectacles, opera-glass mountings, albums and mountings for 
photographs, cigar-case and fusee-box mountings, thimbles, pin- 
cases, needle-cases, desk mountings, dressing-case and toilet 
mountings, and the thousand-and-one other articles which are so 
well known to all of us. It may be asserted with truth that 
there is not a single home in the metropolis, scarcely a home in 
England, entirely without Birmingham trinkets. If the good 
wife has a penny thimble, it was made at Birmingham. If her 
grown-up daughter indulges in shilling earrings ; or if her little 
sister has a halfpenny buckle to fasten some part of her dress ; 
or if Dick is displaying a glittering Albert chain in mosaic or 
aluminium gold ; or if baby has a cheap coral with bells ; or if 
father has a cheap ever-point in his waistcoat-pocket ; or if, the 
family being placed in mourning, black ornaments in jet, vul- 
canite, glass, wax, or composition are used, we may be tolerably 
certain that Birmingham has had something to do with the 
matter—unless Germany comes in as a successful competitor, 
which it now often does. 

We may here remark that Birmingham, in the technical terms 
of the trade, recognizes a distinction between gold jewellery, 
plated jewellery, and gilt toys. The first of these comprises the 
best work, good gold and silver, with precious stones of more or 
less value. The Plated jewellery consists of a plate of precious 
metal backed by a thicker layer of some commoner kind. It is 
inferior to good gold and silver, but better than electro gilt or 
silvered. The gz/¢ éoys constitute the cheapest kind : personal 
and other ornaments in which gilt or coloured metals are used, 
either alone or in combination with imitations of real stones, 
cameos, mosaics, &c. This constitutes now a vast branch of the 
Birmingham jewellery trade, and has been greatly augmented 
within the last few years by the adoption of the electro process. 

The mode of conducting the trinket trade at Birmingham, 
arising out of the almost interminable variety in the materials 
employed and the forms produced, is peculiar. Factors form a 
medium between the small makers and the buyers. They will 
give out ingots of silver, or a given weight of sheet gold, to small 
masters or individual workmen, who work up the precious metal 
to a defined form ; they give out other materials to other men, 
who in like manner apply their labour and skill to them. A 
dozen different men or sets of men may thus be employed at 
the same time, in a dozen different houses or shops, in making 
certain parts of the same trinket; but all alike bring or send the 
result of their handiwork to the warehouse of the factor. Other 
workmen then put together the pieces thus made. A jewellery 
or trinket factory, where all the processes are conducted under 
one roof, is not consistent with the Birmingham system. Almost 
every small master, almost every workman, confines his atten- 
tion to some one sub-division of processes, which he carries on 
at his own home or workshop. The directory of Birmingham 
trades affords evidence how numerous are these sub-divisions in 
the jewellery or trinket manufacture. 

The use of the word factor suggests a little further explanation 
of the organization of the Birmingham trade. The worker, in 
almost every case, confines himself to one small portion of one 
branch ; the sza// master has under him a few men, who among 
them work up to completeness a limited range of goods ; the 
manufacturer gives out work to a considerable number of small 
masters and individual workmen, and puts together the various 
component elements of an extensive range of articles ; while the 
factor will buy almost any conceivable kind from manufacturers 
and small masters, and supply the jewellers’ shops all over 
England, as well as in many other parts of the world. Mr. 
Timmins, in his interesting account of the industries of Bir- 
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mingham and the surrounding district, remarks that “ the 
jewellery trade furnishes a most interesting and important illus- 
tration of a peculiarity which places Birmingham in favourable 
contrast with every other large town and centre of industry in 
the kingdom, viz. the great number of small but independent 
manufacturers it supports. There are comparatively few large 
manufactories, most of the articles for which it is noted being 
produced in shops where five to fifty hands are employed. Pro- 
bably nine out of every ten of the master jewellers who are now 
carrying on business on their own account, were originally 
workmen. In one instance, not less than twelve independent 
concerns are now in active operation, each owner employing a 
number of hands, and each having been apprentice or workman 
in the service of one particular manufactory, itself established 
within the last twenty-five years.” The explanation of this fact is 
supplied thus: that a very small capital will suffice to buy the 
simple working apparatus usually required ; that gold, silver, 
and other materials can be bought in small quantities ; and that 
whatever article a man makes, he can generally find a factor 
ready to purchase it, and perhaps to give him an order to make 
more of the same kind. 

There is one speciality in Birmingham jewellery that deserves 
a few words of separate notice—the production of gold chains. 
The authority above quoted says :—“ Guard chains, now an im- 
portant branch of the trade, were, at the end of the last century, 
made by one or two manufacturers in a single pattern, out of 
brass wire, which was either left in its natural colour or was 
finished by being silvered or gilt. Silver guard chains were 
made first at Birmingham about the year 1806. Gold chains for 
a similar purpose have not been made for a longer period than 
35 years” (about 44 years, reckoning back from 1874), “ but 
are now produced in Birmingham to the value of £250,000 
annually. There are 47 master manufacturers in this trade, 
some employing 200 to 300 hands, but the greater part not more 
than 10 to 20.” The number of gold chain workers in that busy 
town is set down at 1,500, of whom about one-third are women. 
Steam-power is only used to a limited extent, in bending strips 
of wire into links ; in connection with particular patented inven- 
tions, steam-power will, however, fashion a complete chain from 
strips of metal. Altogether, Birmingham is credited with work- 
ing up gold and silver to the value, as mere metal, of one million 
sterling annually. 


CONCLUDING REMARKS, 


The work in gems and precious stones is less likely to be made 
a source of fraudulent deception than gold jewellery. If an 
apparent diamond, ruby, sapphire, emerald, amethyst, or pearl is 
priced at a very low figure, the purchaser, unless exceptionally 
ignorant and gullible, will naturally infer that it is artificial, 
made of some kind of coloured glass; but in gold work the 
case is different. In gems there is little more than an alterna- 
tive between two facts ; the article is real or itis not. In gold 
there are many alternatives—from 22 carat down to 8 or less; from 
solid uniformity down to a surface plating; from a film of 
serviceable thickness to one of almost infinitesimal thinness ; 
and the results may be so much alike, to the eye of all except the 
initiated, that a buyer of gold jewellery seldom knows what it is 
he is really purchasing. Some of the French and German gilt 
jewellery is now made so cheap that not only is the surface a 


mere plating on a coarse foundation, but this plating itself is an ~ 


alloy containing only one-tenth of pure gold: the quality being 
little better than 2 carat. The scientific journals have announced 
a new imitation of gold containing not an atom ofreal gold. Itis 
a composition of 100 parts copper, 17 tin, 6 magnesium, 9 tartar, 
36 sal ammoniac, and 1°6 quicklime. In making it, the copper 
is melted first, and the other ingredients added a little at a time; 
the mixture is kept stirred until everything is melted, in which 
state it remains half an hour in a covered crucible ; when the 
dross has been skimmed off, the metal is poured into ingot or 
other moulds. It is said (we know not with what degree of 
correctness) that this metal is malleable and ductile enough to 
be rolled into thin sheets, beaten into thin leaves, stamped into 
thin ornaments, and drawn into thin wire ; and that it much 
resembles gold in appearance. If so, all the worse for the pur- 
chasers of cheap jewellery. 

Grave complaints are now made that the hall-mark on 
jewelleiy is no longer a guarantee of the quality of the gold, as 
it was intended to be. Under what regulations the marks are 
stamped on the manufactured goods we have explained in a 
former page; but it has become evident that knavery is often 
successful in neutralizing this precaution. A few years ago 
several London jewellers and pawnbrokers met together to com- 
municate the results of their experience in this matter—expe- 
rience showing that equal skill and daring had been shown by 
the sophisticators. “A lady’s elastic neckchain, bearing the 
hall-mark as 18-carat gold, the value of which, if genuine, would 





be £11, was found to becomposed mainly of silver and red lead ; 
a pawnbroker had lent £6 tos. upon it, and when assayed, its 
intrinsic value was found to be only 22s. Achain on which, being 
hall-marked, a pawnbroker was induced to lend £7, was valued at 
36s. Another chain, every link of which was stamped as 18-carat 
gold, and on which £10 had been lent by a pawnbroker, was found 
on being assayed to be but 114 carat. An advertisement from 
an East End jeweller was produced, offering to supply hall-marked 
gold rings at $s. each and upwards ; and a ring with his invoice 
was produced, which, although bearing the hall-mark, was found 
to be filled with cement ; a brooch, the outer casing of which was 
thin and hall-marked, was filled with copper, exactly fitting the 
mould of the brooch. These frauds are attributed, whether 
rightly or wrongly, to the workmen to whom the master jewel- 
lers intrust their gold to be manufactured, and to the facilities 
afforded for deception by the practice of the Goldsmiths’ Com- 
pany hall-marking unfinished and hollow jewellery.” This is a 
grave matter. Inthe opinion of one of the public journals, whose 
words we are quoting, “ Until the system is adopted of marking 
only fully manufagtured articles, and of compelling shopkeepers 
to guarantee the quality of the gold they sell, there can be no 
protection, either to the public or the trader, against this species 
of imposition.” 

One word concerning design. Many jewellers believe that 
there is not facility enough in England for learning the princi- 
ples of taste, the art of design, the power of inventing and pro- 
ducing graceful forms in articles which are costly in virtue of 
their materials. A jeweller, whether an apprentice or a journey- 
man, must pick up his knowledge of these matters haphazard ; 
there is no one to teach him as part of a general routine, no one 
who deems it a duty so to do; and schools of art are few in this 
country. Whether English jewellery exhibits as much taste in 
general as that of the Continent is a question on which opinions 
differ ; and the answer, whether affirmative or negative, cannot 
be regarded as conclusive until we take into account the fact 
that French and Italian designers are much employed by the 
great West End firms; some of the choicest productions are 
foreign work in regard to the designing, English in regard to 
the manufacture. Those who urge that something ought to be 
done towards cultivating taste among all workers in this trade 
are divided in opinion as to whether this duty should devolve 
upon the State, upon municipal bodies within the limits of par- 
ticular towns, or upon trade guilds within the limits of their own 
industry ; but that it ought to be taken up in some quarter or 
other can hardly be disputed. The Goldsmiths’ Company being 
a wealthy body, constantly adding to its revenues by the fees re- 
ceived for hall-marking, it has reasonably been urged that such 
a body should render some assistance at any rate, in one or 
other of many ways that might be suggested. A few trifling 
steps have been taken in this direction, as was pointed out in a 
former article devoted in part to such subjects ;' but nothing on 
a scale calculated to meet the requirements of the case. We 
have had a splendid instance of a man, in the declining years of 
a life spent in amassing a colossal fortune by honourable in- 
dustry, devoting a sum of £100,000 to the comprehensive or- 
ganization of a plan for instructing young men in the princi- 
ples of mechanical engineering.’ Is it too much to expect that 
some one of our wealthy goldsmiths and jewellers would set on 
foot something of the kind, bearing upon the cultivation of taste 
in delicate workmanship in the precious metals, and the com- 
bination of these with gems and precious stones? If a begin- 
ning were made, even with a comparatively small sum of money, 
healthy imitation would follow, 
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when he first began to make his collection, and when it comes 
to be tested by men of practical experience in special branches, 
the frequent /acun@ which are certain to be found in it will seem 
to render all his labours vain ;—and seeing that there is but one 
principle upon which a technological dictionary can be compiled 
with any hope of even approximating completeness, and thus 
avoiding in some degree this unsatisfactoriness in the result of 
the labour bestowed upon it, we confess to some little surprise 
at seeing another attempt to supply the real need which exists 
for such a work, without—as it would appear, and judging from 
the outcome of the present volumes—this principle being adopted 
in its compilation. 

In the list of principal works consulted in the preparation of 
this dictionary, Messrs. Tolhausen have named one, the “ Dic- 
tionnaire Technologique. Par une Société de savants et 
d’artistes,” in twenty-two volumes, which, whatever else can be 
said about it, would appear from this title to have been under- 
taken on the sound principle of entrusting the various depart- 
ments each to men who were practically acquainted with it. It 
is of course not conceivable, however wide the research and 
varied the experience of the Messrs. Tolhausen—and that these 
are wide and varied va sans dire, when we remember that Mr. 
Alexander Tolhausen is translator to the Great Seal Patent 
Office, and is therefore a host in himself—that they should 
possess the knowledge which could be contributed by such a 
body of men as we have indicated, but we would wish it to be 
clearly understood that in saying this we do not fail to recognize 
the very great value and importance of the work which their 
industry has here given to us. 

We have no hesitation in saying that until a technological 
dictionary is undertaken upon the plan referred to, each section 
being compiled by a man who is thoroughly master of his art, 
profession or trade, the whole being revised and carefully edited 
by such men as the compilers of the present work, we shall not 
see this want properly supplied, but in the meantime and until 
this much to be desired event takes place, we may say at once 
that there exists no better and more complete work of its kind 
than the one before us, and the thanks of all who are concerned in 
any way with scientific, technical, or commercial communications 
between the countries of England, Germany and France, are 
due to the Messrs. Tolhausen for the labour and care expended 
by them in exploring what they have called the thickly planted 
and almost virgin forests of technical terminology. 

The principal purpose of the present work, as set forth in the 
preface, is to give in the smallest compass, and at the lowest 
possible price, the greater number of the technical terms be- 
longing to the subjects.enumerated in the list which is prefixed 
to the volume, in the hope that it may be used as an aide- 

.mémoire and manual accessible to all classes, to all purses, and 
above all to public schools. 

The list referred to is a very complete and carefully compiled 
one, including more than 220 different branches of art, trade, 
and manufacture, and there is no doubt that for schools the 
work will be admirably suited. But what we wish to urge is that 
a much more comprehensive and complete technological dic- 
tionary is needed, and we cannot help thinking that a greater 
service would have been rendered to practical literature had the 
compilers of this work recognized the necessity for such a dic- 
tionary, and carried it out on the plan we have hinted at. 

We mention two or three cases of omissions that have struck 
us on a very cursory glance here and there in these volumes, 
and we do this not in any spirit of carping criticism, but simply 
as tending to establish our position as to the inevitable and 
necessary incompleteness of a work constructed on the lines that 
have been laid down for this one. 

We find that the word skewdack, a term used in architecture, 
is given, but sguint guoin, a term applied to an angle of brick- 
work other than a right angle, does not appear. Foggling and 
to joggle two beams together are found, but arris joggle,a special 
kind of joggling, is not referred to. “ Grimm’s law” and 
coprolite have no place here, and although in typographical 
technology we find platen, tympan, &c., em and en are not 
given. It would also seem that terms connected with shipping 
business are almost entirely overlooked, and we do not hesitate 
in saying that if a practical man in each department were to 
glance through its pages, they would find that a great number of 
the technicalities connected with their business or profession 
have been omitted. But such omissions are, as we have said, 





guages, containing about 76,000 Technical Terms and Locutions employed 
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inevitably to be found in a dictionary compiled without the 
thorough collaboration to which we refer, and we therefore 
express a hope that such a work may yet be forthcoming, and 
we can conceive of none better to direct an enterprise of the 
kind than the able compilers of the work before us. 

We have also to notice what appears to us to be a grave 
defect, viz. the frequent and extensive introduction of words and 
phrases of common use, which can by no means be considered 
as technicalities, and which are to be found in ordinary diction- 
aries, such as country, courtyard grown over with grass, cover, 
couch, filter, foliage, food, garnish, jar, jelly, Fehu, seat, and a 
great number of others which unnecessarily burden the book. 

We have one remark to make as to the typographical ar- 
rangement. This does not appear to us to be such as to enable 
the eye readily to detect the word of which it is in search, and 
this in a work where three renderings of each word or locution 
are given, is a matter of some importance. If for the first word 
thetypewhich isused in “Stormonth’s Sevenand Sixpenny English 
Dictionary” were employed, for the second the same type as in 
this dictionary is used for the first, and for the third the italics 
which are here used for the second, we think the result in this 
respect would be a much more satisfactory one. 

The third and concluding portion of the work, German, 
English and French, is announced to appear during the present 
year, and as a whole the dictionary, although limited, notwith- 
standing the shortcomings to which we have felt it our duty to 
call attention, will be one of real practical usefulness to all who 
are engaged in scientific pursuits, as well as to the students 
for whom it is primarily intended. 


TELEGRAPH AND TRAVEL.' 





HAT the applications of electricity are capable of 
infinitely wider extension than they have ever yet 
received, is often asserted by those who make its 
laws and phenomena their special study, although 
it would seem that in one direction at least—that 
of its use as a motive power in machinery—it has 
likely to fail, in accomplishing all that has been 
expected of it. But whatever its failures in this respect, its great 
and marvellously rapid achievements in telegraphy would appear 
quite to warrant the idea that its capacities are as yet but little 
explored, and that the element which has been so much an 
object of terror to the human race, will become yet more com- 
pletely subjugated by it, and utilized for its benefit. 

The history of the electric telegraph extends over but a very 
few years: its practical progress “illustrating remarkably the 
rapidity with which development follows an important discovery 
of science.” Only five years were needed from the date of the 
construction of the first line of telegraph, to so familiarize the 
public mind with this method of communication, as to set 
speculations afloat which resulted in the laying of the American 
cable, and to bring forth a proposition for a telegraphic system 
of more than four thousand miles in extent. It is, notwith- 
standing its recent introduction, remarkable and curious to 
note how strong and constant the habit of communication by 
telegraph has become. Much of our daily business is regulated 
by it, and important communications involving the transfer of 
thousands of pounds are constantly flashed under seas or across 
continents with less anxiety on the part of the senders as to their 
reaching their destination, than our grandfathers felt when com- 
mitting a letter to the post. 

Important as are the results of the invention of telegraphy, it 
would be outside of our purpose to refer more particularly to 
them here, but some such thoughts as those we have just given 
expression to must occur to nearly everyone who takes up the 
—- volume, the title of which stands at the head of this 
article. 

The extension of the telegraph to India is certainly one of the 
most important events of the present century, and the magni- 
tude of the results of this extension it is scarcely possible to 
appreciate, unless one has known what communication with 
India was both before and after it took place. “It is exactly 




















1 Telegraph and Travel, a narrative of the formation and develop- 
ment of telegraphic communication between England and India, under 
the orders of Her Majesty’s Government, with incidental notices of 
the countries traversed by the lines. By Colonel Sir Frederic John 
Goldsmid, C.B., K.C.S.L, with maps and numerous illustrations. 
|} London: Macmillan & Co., 1874. 
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ten years ago,” our author says, “that the Persian Gulf cable, 
manufactured and laid at the cost of Her Majesty’s Govern- 
ment, was under process of final submersion between Karachi, 
the most north-westerly of Indian ports, and the Turkish- 
Arabian Station of Fao,” and although for years, both before 
and after this epoch, there were the usual obstacles which every 
new and important scheme has to encounter to be overcome,— 
much augmented in the present case by the indolent and 
apathetic character of the rulers of the countries traversed ;— 
yet we can now point with justifiable pride to a complete and 
thorough system of communication with our great Eastern 
Empire, which may fairly be reckoned as one of the most brilliant 
achievements of our science and civilization. 

The summary with which Sir F. Goldsmid closes the first part 
of this volume, appropriately illustrates the rapidity with which 
the great enterprises that have led to the results we have just 
indicated have been carried out. 

We learn from this that the Siemens line from London to 
Teheran was fairly opened on the 31st January, 1870; the 
Red Sea cable began work on the 26th March following, and 
the Falmouth-Gibraltar section was completed on the 13th June 





in the same year. In the early part of the following year 
negotiations were set on foot for the reduction of the rates ; 
a year later the treaty then about to expire was renewed for 
twenty-three years, and in March, 1873, a still further reduction 
took place in the rates of transmission. To this summary an 
instructive table is appended of the average speed by which 
messages were conveyed from India to England in the years 
1865 and 1873. From this it would appear that in 1865 a mes- 
sage, vid Russia and Persia, took 17 days 5 hrs. 5 min. to reach 
England, while in 1873 3 hrs. 9 min. sufficed for the same 
journey. 

With the rise and progress of the enterprise of connecting 
the two empires by telegraph, the name of one who, we regret 
to have to say, has now passed away from us, is most intimately 
connected—we refer to Colonel Patrick Stewart—and no history 
of our telegraphic connection with India could be written without 
telling in a very large degree the story of his life. The present 
volume commences with a brief but most interesting memoir 
of, as Sir Frederic Goldsmid says, one “to whom a single 
chapter of an ordinary volume can render but poor justice.” We 
are bound, however, to say that no one could rise from the 














THE PIR ZAN PASS, 


paws of this memoir without a feeling of having gained a 
nowledge of a rarely gifted and singularly manly and vigorous 
character. 
of overcoming obstacles which characterized Colonel Stewart, 
we may quote the following, which Sir F. Goldsmid extracts 
from “ The Friend of India” :— 

“ The line was to be extended at once to Lahor, a distance of 
1,280 miles. . . Each successive ship discharged in Cal- 
cutta a portion of the materials required. Forty artificers 
arrived. Then came tons of wire, and miles of wire insulated 
with gutta percha, besides the machines for straightening the 
lines. Thousands, or we may say hundreds of thousands, of 
posts were to be fixed at equi-distant places all along this im- 
mense line, part of which runs through a tract where bamboos 
are only known by name, and where timber is an almost un- 
attainable luxury. Then all the posts were to be grooved. 

“ They were to be set up ‘ properly,’ a phrase which will be 
readily comprehended by those who know what it is to instruct 
native artificers to act according to rule on a work of which they 
do not know the object or the reason. Lastly, all this was to be 
effected in a country where there is but one road and no rail- 
ways—where delay is a habit, and unconscious disobedience 
perpetual—and by an officer with no authority over any one 
except his signallers, and so young that his appointment was 


As an illustration of the practical ability and power | 


received with a feeling of surprise. Let our readers remember 
how impossible a large combined operation is in this country, 
how frequently the most explicit instructions are misunderstood, 
and how great a danger existed of wires, men and machinery 


; all turning up anywhere except in juxtaposition, and they. will 


' and reached them. 


appreciate the nature of the task. Mr. Stewart’s energy, per- 
severance, and good temper accomplished this most annoying 
duty. By dint of endless correspondence, which included the 
military board and the executive engineers, all was placed in 
train ; the artificers were despatched by steamer to the depots 
The wire was carried by steamer and bul- 
lock-carts to thirty-two different places between Calcutta and 
Benares alone, all at unequal distances, and all, therefore, re- 
quiring their special length of coil. The straightening machines 
did not arrive in time, and they were made at the Kidderpur iron 
yard, under Mr. Stewart’s immediate superintendence. Through- 
out the line, there was not, we believe, a blunder or a single 


| day’s delay.” 


During the mutiny in 1857 the services rendered by Colonel 
Stewart, by his daring and energetic use of the telegraph, were 
invaluable, and many stories are related of his activity and 
promptitude. The following extract will show, as our author 
says, that “‘Pat Stewart’ was no equivocal or second rate 
hero” :— 
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“It is mainly to the zeal, energy and ability of a young officer 
of the Bengal Engineers, Lieutenant Patrick Stewart, that these 
advantages are due. He is assisted, it is true, by a few men, 
but he it is who devises and superintends the execution and the 
extension of the line from place to place. At one time his men 
are chased for miles by the enemy’s cavalry ; at another time 
they are attacked by Sowars, and they and the wires are cut to 
pieces ; again, their electric batteries are smashed by the fire of 
a gun, or their cart knocked to pieces by a round shot, but still 
they work on, creep over arid plains, across water-courses, span 
rivers, and pierce jungles, till one after another the rude poles 
raise aloft their slender burden, and the quick needle vibrates 
with its silent‘tongue amid the thunder of the artillery.” 

In describing the Persian hand lines we have numerous in- 
stances of the skill and resources of the subject of the memoir, 
whose report of the undertaking is a most interesting document, 
giving as it does a vivid and accurate idea of the nature of the 
country traversed, and the practical difficulties which had to be 
overcome in the construction of the line. The engraving on the 

receding page, which we owe to the courtesy of the pub- 
Gaon represents one of the numerous passes across which 
the line had to be carried. The name of this pass is Pir Zan, 
signifying “ Old Woman,” and it is characterised by Colonel 
Stewart as the longest and easiest of all, but “the ascent to the 
midway caravanserai, reckoned at 5,750 feet above the sea, is 
steep and stony, nor is the second half to be readily surmounted 
with indifferent cattle.” The summit is estimated at 7,150 feet. 

A fall in the Punjaub in 1854, from the effects of which he 
seemed never wholly to recover, and a severe attack of sickness 
in 1859, hastened on an event which was fraught with so much 
sadness to all who knew him, and which was a real loss to the 
country. Within little more than four years after his marriage, 
and after a remarkably active though brief career, he died at 
Pera, on the 28th December, 1864. 

From this most interesting memoir we now turn to the special 
narrative of the history of our telegraphic union with India. In 
this our author traces the origin and progress of the negotiations 
opened by Her Majesty’s Government with the Sublime Porte 
for establishing a land telegraph through the Asiatic domains of 
the Sultan, and after relating with much fulness and precision 
of detail all the political negotiations which preceded the taking 
of any practical measures, gives full details respecting the 
materials, manufactures and methods of laying the cables, and 
constructing the lines, with descriptions of the various stations 
along the routes. 

The broad principles of the manufacture of wires and cables for 
telegraphic purposes are now nearly the same as they have always 
been—matters of detail, of course, constantly receiving modifi- 
cation—and there have been so frequently published descrip- 
tions of them, both technical and popular, that it will not be 
necessary for us to do more than refer the reader who is interested 
in the subject to the elaborate descriptions which the present 

work contains. 

Complete records are given of the origin and construction of 
the various lines connecting India and England, and the repeated 
travels which Sir F. Goldsmid has made along these lines in 
connection therewith, has given him peculiar qualifications for 
his task of compiling a history of Indo-European telegraphy. 
But we are bound to say that, notwithstanding all we have said 
of the interest of the book, we do not think he has used his 
material and opportunities well. The whole story is told with 
a prolixity that is often somewhat wearisome, and there is by 
far too large a predominance of the blue book element in it to 
make it a volume of such instructive and pleasant reading as a 
well compiled history of Indo-European telegraphy should be. 

Nor can we refrain from commenting on the want of order 
and arrangement of his materials which is so evident throughout 
the work. Particulars of political negotiations and of the prac- 
tical mechanical details of the various enterprises appear inextri- 
cably mixed up together, and this seems to us so great a fault 
as to lead us to believe that the book is thereby rendered com- 
paratively useless to the two classes for which such a work 
should possess a special interest. The student of the political 
aspect of the history—and this is an instructive and important 
one—will be hampered by the frequent admixture of mechanical 
details, while the engineer who takes up the book will be repelled 
by the mass of blue book material which obstructs those 
portions of the narrative that are interesting to him profes- 
sionally. 

In our opinion the book would have gained immensely had 
one half of the extracts from official documents been omitted ; 


the details of the engineering and other mechanical difficulties, 
and how they were surmounted, would, had they been dealt with 
a and with less diffuseness, have been an exceedingly 
v 


uable contribution to practical literature. 
The remaining section of the work, which is entitled * Travel,” 








possesses considerable interest of a more general character, 
Our readers will no doubt peruse in this part with some curiosity 
the following description of the fires of Baku—the naphtha wells 
of the Absharan peninsula :— 

“* About an hour’s distance south of the city, near the shelv- 


‘ing banks of the shore, there are strong gaseous fountains 


gurgling, and throwing outa certain amount of petroleum, which 
spreads itself in the finest of veils upon the surface of the water. 
The contact of a lighted torch causes to be aroused from within 
whirlwinds of fire... . And my comrades revelled in steering 
their boat amidst them. 

“ M. Moynet describes his being in a boat with others; a 
sailor throws lighted tow into the sea where the waters 
appear fermented. In an instant the whole surface is in flames 
to the extent of some forty metres (forty-five yards). The 
experiment is repeated: the fire spreads and they move about 
in the midst.” On leaving the spot our author looks back upon 
the still bright flames, remarking that they will continue to 
burn until put out by a high wind. 

We must here take leave of this volume, which, in spite of 
the adverse criticisms which we have felt ourselves bound to 
make, we cannot but style a most interesting one—and in con- 
cluding this notice, we must not omit to refer to the very 
excellent steel-engraved portrait of Col. P. Stewart, and the maps 
and illustrations with which the book is enriched, nor to the 
generally excellent manner in which it has been produced. 


Foreign Practical Fournals. 


Moniteur Industriel belge. Bruxelles. Oct. 1, 10, 20, 
Nos, 19, 20, 21. 


HIS is a new venture in technical journalism. It is 
a well-printed paper, published on the rst, roth, and 
la@asx) 20th of each month, under the editorship of M. Jules 
P Meeiis. It contains a good many short, well-selected 
articles. Amongst these is a description of the method adopted 
by M. E. de Haén, of List, near Hanover, for the prevention of 
boiler incrustation. He proceeds by precipitating severally the 
carbonate of lime, sulphate of lime, and carbonate of iron, which 
ordinarily give rise to incrustations. The water thus purified 
has no trace of carbonate or sulphate of lime, and cannot there- 
fore form any incrustations. It seems, indeed, to possess the 
property of rendering deliquescent any sych already formed.— 
Hock describes a method for forcing vaporized petroleum into 
railway sleepers, the cellular intervals of which become filled 
with paraffine, and the wood is preserved for ever against damp, 
nails driven into it never rusting.—M. Constantin, of Brest, hasa 
glaze for pottery which contains no lead. It consists of 100 parts 
of silicate of soda, 15 powdered quartz, 15 Meudon chalk, and 
10 of borax.—M. Delalot gives a formula for a new white metal, 
cheaper than those now made. Pure red copper 80 parts, oxide 
of manganese 2 parts, zinc 15 parts, phosphate of lime 1 part.— 
M. de la Batie has succeeded in rendering glass so tough as to 
be almost malleable, and is about to set up a factory at Pont- 
d’Ain to work his invention—M. Melsens has a note upon 
lightning conductors, with special reference to those at the Halles 
Centrales at Bruxelles.—Puscher, of Nuremberg, finds that 
drawings may be made on zinc with acetate of lead, which, with 
certain colouring bases, affords the means for the production of 
pictures which do not change on exposure to the air. Labels for 
gardeners’ use may be prepared by writing or printing with a 
solution of chlorate of copper. 





a 
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Der Civilingenieur. Zeitschrift fiir das Ingenieurwesen. Leipzig. 
Vol. xx., No. 5, 1874. 


DESCRIPTION is given by D. von Quitzow of a 
horizontal Tangye’s engine of only 100 millimetres 
(4 in.) diameter, with direct action regulator. The au- 
. = thor considers that the problem of building very small 
engines on the plan of large ones, has been solved by Messrs. 
Tangye, whom he commends also as avoiding the petty and 
harmful economies practised by German constructors.—Dr. R. 
Prdll, the author of an “Essay on Graphic Dynamics,” illus- 
trates his method of graphic definition of hydraulic pressures, 
rate of flow, &c., of liquids from vessels of any given form:— 
Chr. Rehls makes a contribution in the same way to graphic 
statics, in his “graphic definition of the moment of inertia of 
a given body in relation to the axis of its centre of gravity.”— 
The theory of hyperbolic wheels is given at length by Dr. Kirsch, 
of Chemnitz. 
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Gewerbehalle, Organ fiir den Fortschritt in allen Zweigen der 
Kunstindustrie. Stuttgart, 1874. No. to. 


@==ACOB Falke contributes an interesting article upon 

iN, gold and silver filigree work, tracing the history of the 
a art from its earliest developments, and following it into 
——— its working details.—Prof. Dawidowsky’s invention of 
paper leather is quoted in full from the “ Maschinenbauer.” 





Les Mondes. Paris, Vol. xxxv., Nos. 4 and 5. 


English physicist, Professor Tyndall, professes before 
an English public an almost cynical materialism, a 
= relatively eminent French savant, M. Chevreul, made, 
at a late meeting of the French Academy of Sciences, a profes- 
sion of anti-materialistic and orthodox faith, which the reverend 
director of “Les Mondes” quotes with approbation.—M. Bourrel, 
formerly a veterinary surgeon attached to the French army, pro- 
poses to prevent the transmission of the virus of canine hydro- 
phobia by blunting the teeth of dogs affected. The tops of the 
incisors, canine teeth, and molars are taken off, the roughnesses 
smoothed down with a file, and the teeth, thus rounded, are 
stated to be powerless to inoculate——The mental potentiality of 
children of different races has been experimented upon by M. 
J. C. Houzeau in Jamaica, with results that tend against the 
popular notion of inferior races.—The American system of charg- 
ing the boiler of a tramway engine with super-heated water, is 
compared with a proposal for the substitution of ammonia in 
ep of water.—The Abbé Eguillon, of Riom, has a plan, said to 

e very successful, for the hanging of bells in steeples of country 
. churches, byanapparatus ofthree oscillating levers.—M. Schreiber, 
of Saint-Quentin, describes an apparatus by which consumers 
may distil their own gas.—The death on Sept. 24th last, of 
M. Elie de Beaumont, the eminent savant, who in 1853 suc- 
ceeded Arago as perpetual secretary of the Academy of Sciences, 
gives Abbé Moigno occasion for a short but very appreciative 
memoir. M. E. de Beaumont was best known as a geologist 
and metallurgist, and was a member of many learned societies, 
the Royal Society, London, and the Berlin Academy being 
amongst them. He was born Sept. 25th, 1798.—M. Thomas 





prepares cakes of portable sugared coffee for the use of soldiers | 


and others, using coarse-ground coffee, loaf sugar, and isinglass. 
Frére Alexis has a hypsometric map of France, which permits 
an exact study of the levels of the land.—Las Marismas has in- 
vented a mercurial air-pump, which can be made for 35 fr., and 
which permits experiments to be made at every pressure, from 
that of the atmosphere to that of an absolute vacuum. 


Revue Industrielle. Paris, Fontaine and Buquet. 
Nos. 32, 33, 34- 
| NOTE on the mineralogy of the Asturias does not sup» 
“| port popular notions as to the unlimited mineral wealth 
AN) of Spain. —An excavator, operating upon steep slopes, 
pi by a system of buckets with cutting edges, is described 
by the inventors, Buette and Vidal.—The project of M. Thomé 
de Gamond for a tunnel under the Channel will reduce the 
journey from London to Paris to the space of eight hours.—H. 
Résal proves the theory of transmission of movement by cables. 
—A new type of locomotive has been constructed by J. J.and A. 
Meyer, of Paris.—The city of Heidelberg (Germany) has adopted 
a system of automatic gas-lighting, each jet being provided with 
an apparatus which kindles the gas on the latter arriving at a 
certain pressure.—Laharpe gives a “rational” method of proving 
steam-boilers, and there is a description of Hearson’s stropho- 
meter, or velocity-measurer. 


Fifth year, 





Annales de génie civil. Lacroix. Paris, Sept. 1874. 


=3]| N investigation of the law of the decrease of vaporiza- 
tion in geometrical ratio, as observable in steam-boilers, 
is made by Paul Havrez.—Paul Curie, in a theoretical 

= and practical essay upon the manufacture of resinous 
substances, shows what products are obtainable from the sea- 
pine.—A detachable boiler-grate has been brought out by Marcel 
Foureau, an engineer at Puteaux.—M. Gaiffe has adapted the 
system of a simultaneous electric lighting of gas-jets, as applied 
at the Capitol, Washington, to the particular requirements of the 
Great Hall of the National Assembly at Versailles. 





Revista de Telégrafos. Madrid. No. 29, year 14. 


|F the telegraphs of Mexico some belong to the Con- 
¥ federation, some to the state, some to private companies. 
The government lines have seventy-three stations open. 
Statistics are given of length of lines, cost of main- 








tenance, &c.—The Carlist telegraph between Aramayona and 
Murguia has fourteen stations, eac tga omee with an apparatus 
for sending visible messages. Lateral arms are grouped in vary- 
ing positions with respect to each other and the central support, 
and numbers are thus signified which serve as a cypher ; those 


in possession of the key can read off the messages with facility. 


Gaceta Industrial. Madrid, Don José Alcover. 
Oct. 1874. 

5) UGAR in Spain, its cultivation and manufacture, is the 
subject of a series of interesting articles by José Ferrer. 
—A comparison of different types of steam-boiler is of 
service as contrasting the points of foreign designs with 
peculiarities familiar to English engineers.—The Spanish consul 
at Cronstadt supplies a report on the exhibition, at St. Peters- 
burg, of plants from which are derived textile fabrics, and of 
machinery for utilizing them.—Popular technical education is the 
subject of an able paper by Don J. Alcover, the editor of the 
“Gaceta.” He views with some indignation the fact that the 
government subsidizes the theatre, but not schools of art and 
industry.—The regulations are published of a “ Museo Ultra- 
marino,” or museum of products of the Spanish colonies, which 
it is contemplated to form in Madrid.—An analysis is given of 
the colouring matters commonly found in wines. The writer 
we the south of France from the odium of using log- 
wood, ; 


Nos. 428-31, 






Zhornal Ministersdva Potei Sapshenya (Russian Official Fournal 
of Public Ways). St. Petersburg. April, 1874. 


==25]HIS handsome and carefully illustrated quarterly has 
| its usual budget of edicts, circulars, and decrees, rela- 
Reno ting to the railways and public works of the Russian 
Empire. Amongst them is a ministerial report on 
railway progress in Russia, of which a German translation has 
since appeared, if we mistake not, in the Russische Revue.. The 
number also contains a translation in full of Captain Tyler’s 
Report on English Railways for the year 1872, and another of a 
portion of the “ Report of the Select Committee of both Houses 
on Railway Companies Amalgamation ” in the same year. 
The minor papers and notes are reprints from the English 
Railway Times and from German papers. 






Gorné Zhornal (Russian Mining Fournal). St. Petersburg. 
April, 1874. 
s¥=n0] AS the continuation of an article descriptive of the Perm 
ij) Steel Works, to which we shall probably refer on a 
future occasion. There is alsoa good paper on Dia- 
mond Rock-Drilling. The number contains besides 
several articles on metallurgical topics reprinted from the 
Zeitschrift fiir das Berg-, Hiitten- und Salinen-wesen, and other 
German sources. 





| Méthode pratique @ Impression des tissus. Paris, chez Pauteur 
M. F. Gouillon, 22, rue Michel-le-Comte. 


=a N this little book M. F. Gouillon, who is the editor of 
if) 94) the “ Moniteur de la Teinture,” lays out his method of 
rinting upon stuffs, which differs from all others in 

- ing plastic and not chemical. The latter peculiarity 
renders it suitable for the decoration of stuffs of any nature 
whatsoever, provided only they are able to support the opera- 
tions necessary. The work of M. Gouillon describes in detail 
the means he adopts, and their results are illustrated by samples 
of stuffs which he has manipulated. 





S special Correspondence. 


PARIS, September 20, 1874. 


SCIENCE IN FRANCE. 
So 
Oe 






HOSE persons in other countries who follow at- 
tentively either the transactions of our Academy 
of Sciences, of our different technical associa- 
tions, the society for the encouragement of national 
industry, the society of Civil Engineers, &c., cannot 
fail to notice that the scientific and industrial 
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movement in France has lost none of its activity and fecundity. 
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More new and interesting communications are presented to 
the French Institute in one week than are received by the 
learned bodies of other countries in a month. Those also 
who have visited the exhibition of industry and art, now open 
in the Champs Elysées, must certainly become convinced that 
France still remains above all other countries the classical home 
of good taste. But I wish particularly to draw attention to 
another distinctive character of French science. Whilst the 
learned men of England and Germany, becoming fatally free- 
thinkers, have abandoned the positive philosophy of Auguste 
Comte, of which they were such devoted adherents some twenty 
or thirty years ago, and instead of confining themselves, as it 
was with some exaggeration exacted of them at that time, to the 
domain of facts and of the laws which govern them, throw 
themselves heart and soul into the sphere of origins and evolu- 
tions, which leads them to a gross and materialistic atheism, 
French savants wisely abstain from these subjects, and discuss 
pure and applied science, independent of all philosophic or re- 
ligious controversy. Thus whilst your illustrious Tyndall in the 
midst of the astonished British Association at Belfast, pro- 
claimed a fearful scepticism; whilst M. du Bois-Reymond at 
Stuttgard, without being in the least degree a mathematician, or 
rather trampling under foot the first rules of mathematics, in an 
endeavour to imprison all the phenomena of the universe, with- 
out excepting free and thinking beings, within the crude limits 
of an equation; the President of the French Association at 
Lille, M. Wurtz, who, similarly to Mr. Tyndall, treated the 
subject of atomicity, rendered a brilliant and noble homage 
to the Almighty Creator. As also the most illustrious of French 
savants, venerated and admired by all, M. Chevreul, the senior 
of all the chemists in the world, in full sitting of the Academy 
of Sciences, made the following touching profession of faith, 
and which I cannot withhold from your readers :— 

“T have asked myself, at a time when more than once modern 
science has been said to lead to materialism, whether it was not 
a duty for a man whose life has been passed amidst his books 
and in the chemical laboratory, seeking after truth, to protest 
against an opinion diametrically opposed to his own, and it is 
for this purpose that he exposes his reasons for saying that he 
has never been either a sceptic or a materialist. 

The first opinion concerns the certitude I feel of the existence 
of matter beyond my own self. 

I have therefore never been a sceptic. 

The second is my conviction of the existence of a Divine 
Being, the Creator of a double harmony; the harmony which 
rules the inanimate world, and which is revealed to us by the 
science of the celestial mechanism and the science of molecular 
am, and the harmony which rules the living organic 
world, 2 

I have therefore never been a materialist, at any period of 
my life ; my mind not having been able to suppose that this 
double harmony, and also human thought, could have been the 
result of chance. 

The perpetuity of species in space and during time ; the con- 
servation of the organs in their structure and functions in the 
individual members of each species; the perpetuity of the 
admirable instinctive faculties of animals, faculties which always 
guide them without ever deceiving them, cannot be the result of 
chance, any more than is the existence of man. 

But on regarding the foreseeing wisdom which presided at 
the constitution of the world, a wisdom proclaimed in celestial 
mechanics, in molecular action, in the mutual dependence of the 
two organic kingdoms, in animals and their instincts, may we 
not be tempted to ask ourselves, whether at certain epochs of 
human society, the admirable spectacle of inanimate things and 
of living beings, man excepted, should not be as much a lesson 
inflicted upon human pride as an occasion offered to him to 
compare from time to time those sublime harmonies which he 
has not constructed, with the sight, which I abstain from cha- 
racterizing, of societies of individuals belonging to the only per- 
fectible species, gifted with free will, reason, and a moral sense, 
constantly at war against themselves, from the savage state to 
that of so-called highest civilization, so that the greatest enemy 
to man is man himself! And yet, by a bitter mockery, certain 
mouths say humanity, where others say divinity !” 


DEATH OF M. ELIE DE BEAUMONT. 


During the month which has passed, France has lost one of 
the greatest and purest of her glories. M. Elie de Beaumont 
died suddenly at his country mansion of Canon, in Normandy. 
He had just ordered his carriage for a drive, and while waiting 
for it, had sat down in an arm-chair in the drawing-room ; and 
some minutes later, when the servant entered to inform him that 
the carriage was ready, he found his master dead! Nothing 
was wanting to this illustrious savant, who leaves a great void 








behind him. He had received every gift from nature ; an illus- 
trious name, a birth cherished by every care, a brilliant fortune, 
a distinguished mind, universal capacities, a lofty stature, 
with a distinguished, agreeable, and smiling countenance. He 
knew how to conquer by labour all that nature had not given 
him. He was born on the 25th September, 1798, and after 
brilliant studies at the College of Henri IV., he entered the 
Polytechnic School in 1819, and quitted it the first in rank in 
1821, having chosen the School of Mines. Ordinary engineer 
in 1824, he became, one after the other, professor at the School 
of Mines in 1829, professor at the College of France in 1832, 
chief engineer of Mines in 1833, inspector-general of Mines and 
member of the Academy of Sciences in 1835, and already be- 
longed to the Royal Society of London and to the Academy of 
Berlin. In 1853 he was elected perpetual secretary to the 
Academy: of Sciences in the place of Francis Arago ; senator in 
1854, and grand officer of the Legion of Honour in 1860. No 
name was ever so surrounded with glory in France, abroad, and 
in the whole world. His moral qualities surpassed even his 
natural and his intellectual qualities; he was modest, kind, 
affable, honest in the extreme, delicate and of an exquisite sen- 
sibility ; he was indulgent even to the most importunate and the 
most tiresome. His love of justice and of duty was so great, 
that he, who was calm to excess, patient beyond all description, 
would bound with indignation at the mere supposition of not 
having performed all that lay in his power. He was not made 
for the post of perpetual secretary; he possessed sufficient of 
written eloquence, of wit, and of heart ; but his voice was weak, 
hesitating, and he had none of the gift of improvisation ; he was 
aware that he fatigued his colleagues and the public; but not- 
withstanding, it was a duty to be performed, which he per- 
formed conscientiously with immovable good-will, which it was 
impossible not to admire, and at the same time to deplore. 

M. Elie de Beaumont was thoroughly a man of duty, and of 
duty in all its forms and shades. He never, for instance, dis- 
pensed himself from taking a part in the funerals of his colleagues, 
and in this he well merited the funeral honours which were ren- 
dered to him. 

He died on the 24th September, 1874, having accomplished 
his seventy-sixth year. He had married very late in life, and 
leaves only nephews behind him. Let me be allowed to say, 
that although I had often reproached him for the cruel tedious- 
ness of his delivery, while going through the correspondence of 
the Academy, and had often given him back with my pen 
the tedium of his hesitating and drawling voice, he had a pro- 
found sympathy and affection for me; my ardent love of labour 
and progress had inspired him with a kind of gratitude of which 
he gave me many touching proofs. He had encouraged my 
great enterprise of the hall of progress for popular scientific 
education, and I am happy to be able to oppose this testimony 
against the accusation of avarice which was sometimes brought 
against him. Elie de Beaumont was not avaricious, but he was 
orderly and economical by temperament and by virtue. Another 
point of view I cannot pass by in silence. The Academy of 
Sciences has suffered in him an irreparable loss ; he knew per- 
fectly how to make his science accord with his faith, he was a 
sincere Christian ; and none of the specious testimonies of geology 
in favour of the pretended indefinite antiquity of man, had 
shaken it. He always knew how to demonstrate the weakness 
of the objections which a semi-science opposed to revelation. 
The transactions of the Academy of Sciences bear high testi- 
mony to his orthodoxy. 


M. CHARLES TELLIER’S FRIGORIFIC APPARATUS. 


Conclusions adopted in the Report of the Commission of the 
Academy of Sciences upon M. Charles Tellier’s frigorific 
machine, for the production of cold by the evaporation of 
methylic ether, and upon his method of preserving viands by 
means of this apparatus :— 

Conclusions ; “‘ The experiments upon which a Report has 
just been read extended from the 29th November, 1873, to the 
7th July, 1874 ; and as the heat of the months of May and June 
was unusually great, these experiments have proved that the in- 
fluence of a high exterior temperature could be effectually 
annulled by the effects of the cold chamber, which was, with a few 
exceptions already mentioned, maintained at a nearly constant 
temperature of about freezing point. 

“ The knowledge of the conservative action of cold. upon or- 
ganic substances is, without doubt, as old as humanity itself, 
and this useful property has been constantly applied to keep 
those alimentary substances from putrefaction, which it was de- 
sired to preserve. M. Tellier cannot, therefore, claim to have 


invented anything new; but that which is new in the method 
which he has submitted to the Academy, and which constitutes 
really an invention, is the idea of creating a cold and dry atmo- 
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sphere, in which the organic substances required to be preserved 
are permanently kept, an atmosphere which is made to circulate 
incessantly from the cold chamber to the frigorific apparatus, 
and vice versd, so as to maintain it constantly at that tempera- 
ture which may be styled preservative, and in continually de- 
priving it, during its passage over the plates of the frigorific 
machine, of those vapours with which it has become charged in 
the cold chamber. Owing to this system of circulation, the 
low temperature once obtained can be constantly maintained, 
aid the air returns to the chamber cooled, dried, ‘and purified. 

“ Your commission have recognized the efficacy of this method 
where it has been applied, but consider it their duty to defer 
their opinion on the question of the industrial applications which 
it may lead to. Experiment can alone pronounce upon its 
economic value. Whatever future may be reserved to it in this 
manner, your commission propose that the thanks of the Aca- 
demy should be voted to M. Charles Tellier for the very interest- 
ing communication which he has made.” 


NEw MErRcCuRY AIR-PUMP OF M. DE LAS MARISMAS. 


The vacuum caused by atmospheric pressure, a force which 
costs nothing, and which is always ready to act, has not yet 
received many of the innumerable applications of which it is 
capable, because the means of producing it have hitherto been 
too complicated and too expensive. It has only been used to 
transmit force to a distance, on account of the imperfect condi- 
tion of our pneumatic machines. Mr. Sprengel was the first to 
open out a new horizon to the vacuum, by showing how it could 
be obtained by means of an air-pump of very simple construc- 
tion, and which bears his name. Its essential organs are merely 
a tube and a valve, easily put together. These pumps are already 
being applied to industrial purposes, and the vacuum is every 
day called upon to render new services, either as an agent for 
promoting desiccation, evaporation, pressure, traction or im- 
pression, &c., &c. The air-pump which a member of our aristo- 
cracy, and a sincere friend to science, has just presented to the 
Academy of Sciences, is somewhat similar to that of Mr. Spren- 
gel, and does very good service. 

The advantages of this machine are the following :— 

It is of easy and cheap construction, costing only about 28s. 
It works rapidly and without causing fatigue. The vacuum is 
obtained within one millimetre (0’039 inch), in a receiver of the 
capacity of six litres, in about four minutes. 

Experiments may be made at all pressures, from the atmo- 
spheric pressure up to absolute vacuum. 

It permits the reception of the air or gas contained in the 
receiver employed for experiment, and also to within one milli- 
metre the admission of such gases as may be desired. 

It is self-acting, and therefore avoids all those errors incidental 
to the working of mercury air-pumps, of which the cocks are 
obliged to be worked by hand. 

Lastly, it can maintain the vacuum indefinitely. 

The proportions of this machine, which are limited to the size 
of a laboratory instrument, may be augmented according to 
whatever requirement may be desired. Those parts which are 
constructed of glass may be made of iron, whenever it is not 
necessary to employ gases which attack that metal. 

The following is a description of the instrument :— 

This machine is composed of two reservoirs of cast-iron A A, 
which counterpoise each other, and are supported by the pulley 
B. They communicate with two glass balloons C, by means of 
the glass tubes D, and of the india-rubber tubes E. They are 
filled with mercury, which, when one of the reservoirs is lifted, 
passes into the balloon, and drives the air out of it, through the 
capillary tube F, which is soldered to the top, at the same 
time that the other reservoir, in falling lower than 29°64 in., 
causes the mercury to quit the other balloon, thus forming a 
barometric vacuum. The balloons communicate with the plate 
G by the glass tubes H, which plunge to within one centimetre 
(0°39 inch} of the bottom of the balloons. They are automati- 
cally closed as soon as the mercury rises within the balloons to 
drive out the air, and opened as soon as it retires to produce the 
vacuum. The air cannot re-enter the balloons by the tubes F 
after having been once driven out, because, in order to escape by 
the orifice I, it is obliged to pass through a slight layer of mer- 
cury contained in the curved tube J, and, when the vacuum is 
formed in the balloons, the atmospheric pressure causes the 
mercury to mount up again in the tubes, and thus prevents the 
return of air. In order to receive the air or gas contained in the 
plate, or in the vessel to be experimented on, all that is to be 
done is to place the required recipient in communication with 
the orifice I. 

The degree of vacuum produced is indicated by the baro- 
meter K, which communicates with the plate by the tube L, and 


enables experiments to be made at all pressures comprised 
between atmospheric pressure and absolute vacuum. 

The return of the air is effected through the tube M, which 
communicates on one side with the plate, and on the other 
plunges into the mercury contained in the bent tube N. 





AL. Scoht 


The level of the mercury may be changed by elevating or 
lowering the india-rubber tube O, and thus uncovering at will 
the extremity of the tube M; the return of the air upon the plate 
is regulated to within 0°039 inch. Re ae 

If it is wished to admit any other gas, the recipient containing 
it must be placed in communication with the tubular opening P. 


THE PART PLAYED BY OXYGEN IN RESPIRATION. 


A new light has been thrown upon the part played by oxygen 
in respiration, by the courageous experiments performed by our 
eminent physiologist, M. Paul Bert, a member of the French 
Assembly, in his depression cylinder at the College of France, 
which he thus describes :— ; R 

“ T entered into the bell at twenty minutes past ten, in com- 
pany with a sparrow, a rat, and a small balloon filled with air 
containing 63 per cent. of oxygen. At eleven o’clock the total 
pressure was only 40 centimetres (15°72 in.) My pulse 
suddenly increased from -60 to 86 beats per minute. The two 
little animals were suffering. I then breathed some oxygen, and 





the number of pulsations fell from 85 to 60. After that they 



































398 


THE PRACTICAL MAGAZINE. 





remained at 60 during the whole course of the experiment, ex- 
cept towards the end, when they fell to 48, at about thirty-five 
minutes past eleven. I descended to a pressure of 25 centi- 
metres (9°82 in.) which corresponds to an elevation of 29,182 
feet, and I could have pushed the experiment further, had not 
the apparatus made a leak, and the machine become so heated 
as no longer to be manageable. With correction for tempera- 
ture the actual pressure must have been only from 246 to 248 
millimetres (966 to 9°'74in.) When Messrs. Glaisher and 
Coxwell, in their celebrated ascent, fell to the bottom of their 
car asphyxiated and insensible, their barometer marked 93 
English inches, which corresponds nearly to 25 centimetres. In 
my last experiment, the mountain sickness,' very supportable by 
the way, which I experienced at the commencement, disappeared 


entirely upon my absorbing oxygen, and from that moment I , 


suffered no more disagreeable sensations. After one or two in- 
spirations of oxygen, the pulse diminished by ten beats. Neither 
the rat nor the sparrow died. At one moment, when the bird 
appeared to be overcome, I caused it to breathe a little oxygen, 
and it recovered so rapidly as soon to peck at me with energy. 
Nevertheless upon leaving the bell the two animals were in a 
pitiable physiological condition. Before the experiment the heat 
of the sparrow’s rectum was 41°9° centigrades (107'4° F.) But 
after the experiment it had fallen to 35°1° centigrades (951° F.) 
The temperature of the rat’s rectum before the experiment was 
38° centigrades (100°4° F.) ; this small animal seemed to suffer 
much more than the sparrow, although the temperature within 
the bell was + 14° centigrades (57°2° F.) With a temperature of 
— 22° or — 24° centigrades (— 7°6° to — 11'2° F.) the results 
would have been still more striking. It is to be regretted that 
Messrs. Crocé-Spinelli and Sivel, at their last ascent, did not 
ascertain the temperature of their carrier-pigeons before they 
started and at the moment of setting the birds atliberty. These 
pigeons were well able to fly, notwithstanding the great height 
attained, but the enormous diminution of the temperature in the 
upper regions must have exercised a disastrous effect upon their 
intelligence and their instinct ; which may account for the fact 
that out of the four pigeons of the E¢oz/e-Polaire, only one, the 
first let go, has as yet returned to the dove-cot. These birds 
would require at least a week to recover their normal tempera- 
ture, and during that lapse of time they might become the 
victims of accidents which would hinder their return. To come 
back to my experiment, I experienced upon first inhaling the 
oxygen a slight giddiness and dimness, which obliged meto hold 
the rubber tube at a certain distance from my mouth, so as to 
permit the mixing of the gas with the surrounding air. Air with 
20 per cent. of oxygen represents 4 of the tension of pure oxygen, 
and with thisanixture it would be easy to go down to 15 centi- 
metres (5°89 in.) and even to 7°5 centimetres (2°94 in.) ; 
serious accidents, though not yet mortal, do not occur until an 
atmosphere of one-half oxygen is attained. The elevation which 
corresponds to this great depression is as yet unknown. It is 
probable that it would be impossible to attain it even with a 
balloon filled with hydrogen ; but at all events it will now be pos- 
sible for aeronauts, with the aid of oxygen, to attain without 
danger to such elevations as a balloon will carry them. In order 
to complete my system, I have invented, and am at this moment 
causing to be constructed, a Y-tube, formed of tubes of unequal 
dimensions, one of which will be attached to the bag containing 
the oxygen. This bag filled with pure gas should be made of 
silk or of gold-beater’s skin, and not of an elastic substance like 
caoutchouc, on account of the expansion. The surrounding air 
would enter by the second tube, in the middle of which would be 
fixed a round part containing a small hollow ball made of very 
thin elastic substance. According to the augmentation of the 
depression the ball will increase in size, and it will be thus pos- 
sible to inhale a mixture of air and oxygen, becoming more and 
more rich in the latter in proportion to the height attained.” 

This invention is likely to constitute a great revelation to the 
aeronauts of all nations, and will enable them in future to avoid 
a danger which was very nearly costing the life of your two most 
celebrated aeronauts, Messrs. Glaisher and Coxwell. 


AERONAUTICS, 


A way to cause a balloon to rise or to descend at will without 
opening the valve or throwing out ballast. 

M. Crocé-Spinelli has proposed to the French Society of Aerial 
Navigation to employ a small screw propeller with horizontal 
axis to be worked by hand, which should be placed at the end 
of a pole projecting from the car. By the aid of this appara- 
tus the aeronaut would be able to cause the balloon to revolve or 
to stand still. 

All the members of the society were of opinion that owing to 
the very slight force necessary to cause a spherical balloon to 





! As distinguished from sea-sickness. 





revolve, this little screw worked by hand would be sufficient for 
the purpose. 

But this power of turning round the balloon upon its own axis 
may be put to account in a practical way to cause the balloon to 
ascend or descend at will. Every one is aware of how power- 
fully the rays of the sun act upon a balloon, and also that the in- 
tensity of that action differs exceedingly according to whether the 
stuff of which it is made is white, black, or of some other colour. 

Suppose, therefore, that the balloon be divided into two hemi- 
spheres, separated by opposite meridians and not by the equator, 
that is to say according to the length of the balloon ; and that 
one hemisphere be white and the other one black. We are 
aware that the black hemisphere will absorb the solar rays much 
more than the white hemisphere. If, therefore, by moving our 
little screw propeller so as to turn the black hemisphere to the 
sun, the rays will be easily absorbed, the gas becoming heated 
will expand, and the balloon will ascend. If at this moment we 
turn the balloon so as to present the white hemisphere to the sun 
the absorption of solar rays will be considerably less ; the black 
side will radiate, and lose some of its heat, and the balloon will 
descend. If on the contrary half of the black and half of the 
white side be turned towards the sun, the balloon will remain 
stationary. This very simple and ingenious idea might possibly 
be of great utility for meteorological observations, 


BALLOON ASCENT. 

By the generosity of M. Henry Giffard, the grand-master and 
Meczenas of aerostation, Messrs. Tissandier brothers, de Fon- 
vielle, and three young engineers were enabled to undertake a 
really instructive and interesting ascent. These gentlemen 
witnessed two new facts of which I am the willing echo. “Ata 
moment when the earth was hidden from our sight by a screen 
of clouds,” says M. Tissandier, numerous voices hailing us from 
below informed us that we were distinctly visibleto them. The 
clouds were therefore opaque from below upwards and transparent 
from above downwards. We were able to obtain information 
from spectators who tous were invisible. They told us in answer 
to our questions where we were, and informed us that the wind 
was very light near the earth. 

“ As soon as the balloon approached the earth the game in the 
neighbourhood was seized with terror ; the coveys of partridges 
in particular flew wildly about, scared by the balloon as by some 
repulsive monster. When a little later we were engaged empty- 
ing the balloon with the assistance of numerous inhabitants of 
the locality, the hares manifested the utmost terror, running 
about in every direction even among the legs of the spectators.” 


ZYMOTIC THERAPEUTICS, 


We cannot too highly recommend to our readers the little 
volumes published by Dr. Déclat upon the numerous and most 
efficacious applications of phenic acid in the treatment of so 
many internal and external diseases. It is certainly an entirely 
new system, and destined to render ultimately very great services. 

It is well known that a member of the Institute, lately honoured 
with a national recompense, M. Pasteur, has proved experiment- 
ally that fermentation is caused by the development and evolution 
of organized beings. Founding his ideas upon this fact, and led 
by that most fruitful of scientific methods, analogy, Dr. Déclat 
discovered that most diseases, either typhoid fevers, or cholera, 
or cancerous affections, were caused by ferments, and conse- 
quently by living organisms, which were introduced into the 
organs, of which they modified the condition to their own profit. 
This is one of the most sensible forms of that vital competition 
of which the laws have been laid down by a celebrated English 
physiologist. 

But the discovery of this scientific fact did not suffice for Dr. 
Déclat, whose activity seeks for practical results. After having 
established the fact that diseases are caused by parasites, he 
sought for an agent, which, itself innocuous to the invaded organ- 
ism, should be mortal to the invaders. The researches of the 
learned doctor led to the application of phenic acid. This acid 
has but one mode of action : it kills the parasites, the causes of 
disease ; and that isthe reason of its being applicable in so many 
cases. In the last work of Dr. Déclat will be found the proof, 
repeated in thousands of examples, of the curative virtues of 
phenic acid. 

THE PHYLLOXERA. 

New experiments made by M. Mouillefer, prove most conclu- 
sively that the sulpho-carbonate of potash really poisons the 
phylloxera ; and there only remains to find the easiest and surest 
method of employing it. M. Mouillefer pomp in two ways: by 
pouring the liquid into holes made round the stock of the plant, 


and by hoeing up the earth to receive the liquid. Each plant 
received about 80 cubic centimetres (rather less than one-third 
of a gallon) of the solution of sulpho-carbonate at 37° Beaumé, 
placed in a watering-can with about 2} gallons of water. Vines 
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thus treated, although upwards of a hundred years old, did not 
suffer in the least, and on most of the plants the insects were 
effectually destroyed. All that was required was to be able to 
produce this substance cheaply and on a large scale, and as we 
already know the problem was solved most skilfully by M. 
Valenciennes, director of the chemical works of M. Dorvault at 
St. Denis. 

By the side of this solution of the problem may be placed a 
second one, well studied and experimented by M. Balbiani, also 
a delegate of the Academy. He employs coal tar, which even in 
very small quantities, when fresh, exercises a most destructive 
effect upon the phylloxera and also upon other insects, by means 
of the toxic vapours which it disengages mixed with the air. 
This action can be transmitted through boxes, through a thick- 
ness of at least 6 inches of earth within a period of from ten to 
twelve days. Simply poured round the foot of the vine the coal 
tar suffices to destroy the great majority if not all the parasites 
of the plant. The action of coal tar upon the winged phylloxera 
is still more energetic and prompt, for three drops of this sub- 
stance in a litre of water suffice to kill them all in ‘the space 
of an hour. 

The most practical means of applying this substance would 
be to surround the vines, at the period of the appearance of the 
winged insects, that is from July to September, with a layer of 
sand, upon which the coal tar should be poured. This would 
be at once a cure and a preventive. 


GNEISS PANS OR CALDRONS. 


Under this name are designated certain cylindrical cavities 
which have been formed in the hardest rocks with most sur- 
prising regularity. Nowhere in Europe are there more numerous 
examples of these natural cisterns than in Norway and Sweden 
and in Finland. They are often to be met with in the granite 
and the gneiss, in places where superficial deposits and the 
vegetable soil do not hide the surface of the rocks from sight. 
Their size varies considerably ; they are sometimes of several 
yards in extent and very deep, and friction has rounded and 
polished their sides ; the bottom is roughly hemispheric. The 
theoric of whirlwinds and whirlpools, so brilliantly developed 
by M. Faye at the last meeting of the Academy, has led 
M. Daubrée, Director of the School of Mines and an eminent 
geologist and mineralogist, to inquire whether the true cause of 
these pans or cauldrons of gneiss may not have been the rapid 
rotation of a liquid of which the perforating action had been 
considerably augmented by the shingle which it carried along 
with it in violent rotation. These cauldrons would therefore 
constitute an eloquent testimony of the number, nature, and 
intensity of the successive movements which have thus engraved 
their indelible traces on the stone. 

Besides the magnificent raised model of the Suez Canal, con- 
structed most skilfully and at his own expense by Admiral Paris, 
in the Naval Museum of the Louvre, and of which my Mondes 
publishes a description written expressly for us by the illustrious 
admiral himself, there is at present another curiosity in Paris 
which we would recommend to the notice of English tourists. 
This is the dwelling, or rather palace, of the reptiles in the Jardin 
des Plantes, recently erected under the direction of our eminent 
naturalist, M. Blanchard. We intend describing it in full in a 
future number of the “ Practical Magazine.” 


I will now beg to remind my readers that the great problems 
on the order of the day are :— 

1st. The employment of steam at high pressure from 50 to 
200 atmospheres in those machines in which fire is used, as the 
only means of ensuring the considerable economy necessitated 
by the high price of fuel. 

2nd. The construction of a very small motor, exceedingly 
light and yet possessing power enough for the requirements of 
aerostation. 

3rd. A small motor to be worked by means of alcohol, petro- 
leum, or compressed air, for domestic uses, working sewing 
machines, turning lathes, raising water, &c., &c. 

4th. A better application of steam to canal navigation. 

sth. Fireless and smokeless motors for tramways or common 
roads, &c., &c. 

We are attentively watching the progress accomplished in 
these different ways; we will allow nothing new to pass by 
unnoticed among the results obtained in this direction by 
inventors ; and we would beg also of our readers to inform us of 
any really serious attempts towards the solution of these problems 
which may come to their knowledge. Perhaps it may soon be 


within our power to inform them that the hydro-thermic machine 
of the Marquis Tommassi, which we consider to be the type of 
the small domestic engine, has become a great and beautiful 
reality. 


F. MOIGNO, 
Canon oj the Chapter of Saint-Denis. 





VIENNA, October 20th. 
THE AUSTRIAN POLAR EXPEDITION, 


At ar Y present communication would hardly be a letter 
LS E>) f)} from Vienna unless it gave a few words to the 
4) HA commemoration of our North Polar Expedition, 
Vy, x and of its leaders Payer and Weyprecht, who at 
the end of last month came back to Vienna amidst 

the applause of its whole population. 

So splendid a reception as that accorded to the members of 
this expedition has perhaps never before been given by Vienna to 
anyone. Half the townsfolk were collected at the railway 
station and on the roads leading therefrom to the Praterstrasse, 
Lower Ringstrasse, &c., in order to offer a joyful welcome to the 
gallant sailors who were coming back as if risen from the dead. 
It was such a welcome as you in England would have surely 
given to poor Livingstone. 

Your readers will be aware that Lieutenant Payer’s ship, the 
“ Tegethoff,” a vessel of 220 tons, lies frozen up in the pack-ice 
about three nautical miles from Wilczek Island, a part of the 
newly-discovered Franz-Joseph Land, in latitude 79° 51’ N., and 
longitude 59° E., where Payer and his party left it on May 21. 
After a journey full of fatigue, privation, and danger, part boat- 
ing, part sledging, they reached Novaya Semlya, where they 
fell in with the “ Nicolay,” a Russian schooner, which conveyed 
them to Norway. 

Count Wilczek, to whose munificence the expedition owed its 
existence, is already making preparations for the fitting-out of 
a supplementary expedition to find the “ Tegethoff,” and bring it 
bodily to Austria ; or, if this be impracticable, to recover from 
it the zoological and other treasures abandoned with it. 

Among the most gratifying testimonies of esteem so freely 
given to our North Polar Expedition must be counted the 
recognition of the Royal Geographical Society of London, 
which a short while since conferred upon Lieutenant Payer the 
honour of an invitation to London, to read a paper upon his 
discoveries. 





CREMATION. 


The agitation in favour of going back to the custom of dis- 
posing of the dead by cremation has lately received a great 
impetus, not, however, from any local occurrence, but from the 
effect produced by events in a neighbouring state. 

The first time a human body was consumed in the new way, 
was on the occasion of the forty-seventh meeting of the German 
Natural Science and Medical Association, at Breslau, at the 
end of September. This experimental cremation was entirely 
successful. But on the 9th of this month the body of a lady 
was with all formality destroyed at Dresden, in F. Siemens’ 
regenerative oven. After legal permission had been granted, 
the last rites of the Church given, and the medical certificate 
obtained, the corpse was committed to the action of the fire at 
fifteen minutes past seven, and the process was concluded at 
twenty-six minutes past eight. The remains, some three pounds 
of ash, were placed for preservation in a glass vessel, and given 
over to the husband of the deceased lady, to be taken to 
England. It was an Englishman who had broken the spell 
hanging over this new way to the grave. An English married 
couple had bound themselves by the conditions of their respec- 
tive wills, that the survivor should not bury but burn the body 
of the deceased. 

The lady, who was 35 years old, died just at the time when 
the husband was having the will drawn under these conditions, 
and legal permission to carry them out in England was refused. 
A brother, living in London, of Fr. Siemens, the inventor of the 
regenerative oven, drew the husband’s attention to the process 
of cremation as carried out at Dresden, and the lady’s body was 
carried thither, where the authorities laid no hindrance in the 
way of carrying out the wishes of the deceased. 

Immediately on receipt of this intelligence, the Vienna “ Urne” 
Association, a society for the promotion of cremation, the mem- 
bers of which make a declaration that after death they give their 
bodies to be burned, took steps to obtain powers from the 
government for the erection of a cremation chamber, with two 
of Siemens’ apparatus. This chamber is to be built in the new 
Central Cemetery, whither the bodies are conveyed at night b 
tram. There is every hope that the efforts of the “ Urne” will 
be successful, and a great hygienic problem will thus have 
received a practical solution and the nineteenth century have 
won another conquest. 


SUBMARINE ILLUMINATION. 


The experiments in submarine illumination, conducted at 
Triest in the early part of September by Herr Osnaghi, have 
very properly attracted great attention. Herr Osnaghi, an 
officer in the Imperial Meteorological and Magnetic Depart- 
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ment, is the inventor of a new system of electric illumination for 
submarine exploration. Very satisfactory results have been 
obtained from his experiments. 

Unfortunately, we cannot give an account in full of his 
apparatus in face of the difficulties created by the patent laws. 
In the apparatus experimented with the electric light given by 
fifty Bunsen’s elements was everything that could be desired for 
intensity and suitability. The results were especially satisfac- 
tory where the sea was tolerably transparent and possessed the 
stillness requisite for the successful prosecution of the experi- 
ments. The sea-bottom and its configuration could be examined 
with perfect ease and precision up to a depth of 6 metres. Herr 
Osnaghi, who is working without cessation at improvements in 
his apparatus, hopes to perfect it so as to enable direct observa- 
tions of the sea-bottom to be taken, the reports of people employed 
as divers being often far from accurate or trustworthy. 


A NEw STEAM JACKETING. 

The Steam-Boiler Inspection Association for Saxony publish 
the receipt of a composition for the clothing of steam pipes, &c., 
which at a low cost gives results equal to those yielded by 
Leroy’s patent composition. Good results have been obtained 
with it here; and I therefore beg to lay it before the English 

ublic. 

. Mix the following ingredients well together :— 
120 parts by weight of fine ground limestone. 


SO” 5 ae 9 anthracite. 
a ae ref ai clay. 
a00: 5, Ps boiler-flue ash. 
- water. 
10 ‘ sulphuric acid at 50° Beaumé. 


”» 

Into this mass stir 15 lbs. of calves’ or cows’ hair. This mixture 
is to be laid, while rather warm, on the places which it is desired 
to cover, in layers of about 12 millimetres thick. Repeat the 
operation three or four times, till the composition has acquired 
a thickness of 50 millimetres (2 in.) Any desired colour can be 
laid on and will be readily taken by the composition. 


THE DIAMOND DRILL, 

The first employment in Austria of the diamond drill has 
been made by the Austrian State Railway, commencing in July 
last, near B6hmisch Brod. On the 17th September a depth of 
1,111 ft. had been reached. It is proposed to go to 2,000 ft. 
partly to acquire information concerning the geology of the 
region and partly to put to a severe proof the new drill, which 
has been furnished by the Diamond Rock Boring Company in 
London. So far we are perfectly satisfied with the results, 
which have, indeed, largely exceeded our expectations. 


E. LEONHARDT, 


LEIPZIG, Oc#. 19. 





eS \\ 
for years. 

\ EXS all that the first large factory for making this 
SSIS class of goods has been opened. Ribbon-iron, of 
the best quality, is taken and converted into tubing in pieces of 
about five metres long, which can be bent cold into any form 
suitable for the making of bedsteads, chairs, tables, &c. Hollow 
iron is stronger than solid iron, such as that usually employed 
heretofore, and possesses this special advantage, that the rivets 
hold better, and that it does not itself break so easily, as is 
frequently the case in solid iron, which gives way where there 
is a flaw. 

In engineering shops in Germany, as indeed in manufactories 
generally, a new kind of driving band is being adopted. It is 
made from hair, presumably that of the alpaca, and is delivered 
by the makers in a single piece without seam. It has a coating 
which consists principally of minium. It is everywhere spoken 
of as most satisfactory, and as being decidedly more durable 
than either gutta-percha or leather. 

A new gas engine, the patent for which has recently been 
taken out in several countries, is beginning to attract attention. 
Two pistons in a cylinder have an alternate motion which, com- 
municated to a crank, gives the latter a steadily continuous 
rotation. In their return movement, the pistons are locked on to 
the crank, imparting to the latter no movement in its forward 
stroke, an improvement which gives the new apparatus an ad- 
vantage over that of Otto and Langen. The alternating motion 
of the pistons keeps up a continuous action of the crank, and so 
a true centre-motion for the engine, while in Otto and Langen’s 
single-action engine the movement is given by the fly-wheel. 
Each piston is driven forwards alternately with the other by the 
explosion of a mixture of coal-gas and common air; the air in 
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front of each piston is compressed by the stroke, expanding on 
its cessation, and driving the piston back, while the tension 
ceases at the same time by the condensation of the steam caused 
by the explosion and the cooling of the gases. 

In Andernach, on the Rhine, a practical, if homely and un- 
scientific, method of cleansing the pipes which supply that pic- 
turesque town with water has lately been adopted. An army of 
water scavengers, in the shape of live eels, are collected in the 
reservoirs and driven through the pipes. What they may look 
like before beginning operations I do not know, but it is reported 
that they come to sight again in a most edifyingly foul condition, 
bringing with them all the impurities which had collected in the 
pipes. The proceeding seems a curious one to myself, and will 
doubtless appear the same to your readers; but several of our 
scientific papers report it. 

In the absence of natural ice for storing, an attempt is being 
made to change snow by compression into an ice-like mass, 
which is treated in the ice-cellar in the same way as natural or 
machine-made ice. The snow, over which a little water has 
been poured, is placed in a chest made of stout planks, fastened 
together with strong iron hinges. The chest holds about 30 litres. 
Pressure being applied, the water congeals into ice, and, freezing, 
binds together the separate fragments of snow already brought 
into close contact by the pressure. The hinges of the chest are 
now loosened, and the block taken out. It is found to keep in 
the ice-cellar as well as a block of ice from naturally frozen 
water. 

The spirit of invention in Germany seems to be slumbering. 
I am not able to report any further progress than before in the 
production of new and original machinery. Improvements, how- 
ever, are being made in existing machinery. The so-called 
gasoline gas apparatus, for example, has modified its outward 
configuration, and great improvements are making in paper- 
mill machinery and locomotive engines. Recent experiments 
in heating steam boilers with petroleum do not appear to have 
been very successful, as they have been discontinued, the ap- 
paratus removed, and a return made to the former method. Very 
lately, in two factories with which I am acquainted, Mengs’ 
system of petroleum heating was introduced, and the factory 
proprietors were very well pleased with its working, although 
no saving in cost was effected by it. 

Chemical studies are being prosecuted with zeal in all our 
great centres—Berlin, Leipzig, Munich, &c.; but not much of 
any importance has been effected, experiments having chiefly 
been restricted to investigations of known bodies. In the report 
of the congress at Breslau, of the Natural Science Association 
are some interesting communications. Landolt gives his experi- 
ments with so-called inverted flames. A body containing oxygen, 
as, for example, chloride of potassium, is burnt in carburetted 
hydrogen, producing the interesting phenomenon of an inverted 
flame. K. Heumann reports upon the alliage of quicksilver with 
copper. Experimenting upon the changes produced in cinnabar 
by powdered zinc, Heumann obtained, on treating the black 
products of reaction with nitric acid, a white body which became 
black with ammoniac and potass. This substance was now sub- 
mitted to the action of chloruret of copper and hydrochloric 
acid, and on the combination of Hg S, Cu Cl, with HCl a 
beautiful orange yellow precipitate was thrown down, having 
the constitution Hg Cu S Cl. 

E. Schulz and M. Marker are the joint authors of a treatise 
upon the various systems adopted for the distillation of alcohol 
from various substances. They give a complete résumé, with 
critical appreciation of characteristic differences, of the systems 
at present in vogue. 

Egyptian blue, which has been known to the Egyptians from 
the remotest times, is, according to investigations made by the 
Chemical Laboratory at Berlin, composed of 70°25 parts of 
silicic acid, 16°44 cupreous oxide, 2°30 ferric oxide and argilla- 
ceous earth, 8°35 chalk, and 2°83 natron. Egyptian blue can be 
imitated by melting together a mixture of 70 parts sand, 15 
cupreous oxide, 25 chalk, and 6 soda. 

In Pomerania a large wool-cleansing establishment has been 
set up for cleansing wool by means of sulphide of carbon. Very 
satisfactory results are obtained by the use of this substance as 
a detergent. A great part of it is got back after use by 
distillation. 

In cotton-printing factories a largely increased use is being 
made of aniline salts for the production of aniline black. Cam- 
peachy wood seems to become more and more restricted in its 
acceptance. I have only to mention, in the last place, that on the 
first day of next January, a new series of postage-stamps will be 
brought out for all Germany, and that the “mark” system of 
money-reckoning will become compulsory in all the post-offices 
and government departments. Even in exchanges, the new 
currency only will be recognized. 


DR, FERD, SPRINGMUHL, 


























